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pocket volume, written by Professor Dr. 
Helmut Leonhardt, the revised atlas, under 
new authorship since 2001, retains the orig¬ 
inal work’s emphasis on the use of illustra¬ 
tions and images. Modem imaging tech¬ 
nologies allow the depiction of internai 
organ Systems in a multitude of ways, 
making thorough knowledge of the anato- 
my of organ Systems more crucial than ever 
for physicians and other healthcare practi¬ 
tioners. Current medical training needs to 
acknowledge and stay abreast of these 
changes. In addition, new teaching methods 
in medicine, especially integrated and inter¬ 
active forms of teaching, require a combina¬ 
tion of interdisciplinary thinking and sys- 
tematic structure. It was our aim in refining 
this atlas to take ail of these factors into con¬ 
sidération while still maintaining its concise 
format. Each individual organ is presented 
in a brief overview, followed by a systematic 
discussion of its gross and microscopie ana¬ 
tomie features. This is followed by descrip¬ 
tions of functional aspects, neurovascular 
supply, and lymphatic drainage. Organ- 
specific topographical features are then 
presented as well as useful tips for the clini- 
cian; relevant cross-sectional anatomy is 
described when, in addition to organ Sys¬ 
tems, knowledge of general régional topog- 
raphy should be known. 

A new chapter, "Pregnancy and Human 
Development,” has been added to the prés¬ 
ent book, now in its fifth édition. This chap¬ 


ter intégrâtes knowledge of anatomy, his- 
tology, embryology, gynecology, obstetrics, 
and pediatrics, without losing sight of mor- 
phology. Not only was it readily incor- 
porated into the fifth édition, it also sup¬ 
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(editing), K. Wesker (graphies), and K. Baum 
(graphie design). We are indebted to them 
as well as to those who assisted with the 
previous two éditions, ail of whom under- 
stood perfectly how to carry on the work of 
the ”old crew,” especially Dr. P. Kundmillier 
and Professor G. Spitzer, and how to inte- 
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Clinic for Gynecology and Obstetrics in 
lnnsbruck for permission to use the images 
from pregnancy ultrasounds. Not least we 
would like to thank the secretary at the In- 
stitute of Anatomy at the University of 
Lübeck, R. Jônsson, for preparing portions of 
the manuscript and providing a clean copy. 

We hope that the revised and expanded 
fifth édition will also be well received by 
medical and dental students and that it will 
make the challenging field of anatomy of 
internai organs more accessible. We ap- 
preciate any comments or suggestions for 
improvement for future éditions. 
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2 Viscera at a Glance 


Viscera at a Glance 

The internai organs contained in the tho- 
racic, abdominal, and pelvic cavities are col- 
lectively known as viscera. The viscera are 
responsible for sustaining the life of the 
human organism. 

Arrangement by Function 

The book is divided into chapters which are 
arranged by organ function. 

They are as follows: Cardiovascular Sys¬ 
tem : organ System including the heart, 
blood vessels, and lymphatic vessels. Blood 
and lymphatic Systems: organ System con- 
sisting of blood cells, lymphocytes, and lym¬ 
phatic organs. Endocrine System: organ 
System consisting of numerous specialized 
endocrine glands and glandular cells occur- 
ring individually or in groups throughout 
the organism whose products ( hormones ) 
are released into the bloodstream or lymph 
and distributed throughout the body. Respi- 
ratory System: organ System that is divided 
into the gas-exchanging surface of the lungs 
and the structures comprising the upper 
and lower airways. Alimentary System: 
organ System that is divided into the part of 
the gastrointestinal tract contained in the 
head and the part beginning with the 
esophagus, including the liver and pancréas 
which serve as large digestive glands. Uri- 
nary System: organ System that is divided 
into the parts of the kidney responsible for 
urine formation and the urinary passages. 
Male génital System: System consisting of 
the testes, epididymis, ductus deferens, sémi¬ 
nal vesicle, pénis, and accessory sex glands. 
Female génital System: System consisting 
of the female internai geni ta lia housed in the 
lesser pelvis and female extemal genitalia 
located outside the pelvic floor. 

Arrangement by Région 

Organ Systems can also be grouped accord- 
ing to location in various régions of the body 
(A). 

The head and neck régions contain the ini¬ 
tial parts of the respiratory and alimentary or¬ 
gans, mainly found in the naso/ cavity (Al) 


and oral cavity (A2). Parts of these organ 
Systems located in the neck also form pas- 
sageways connecting the head and thoracic 
cavity. They are situated between the 
middle and deep layers of cervical fascia 
(Vol. l,p. 330). 

In the trunk the viscera are divided into 
thoracic, abdominal, and pelvic organs. The 
thoracic cavity (A3) is subdivided into three 
portions. These are the right and left pleural 
cavities, each of which contains one lung, 
and the connective tissue région between 
them near the midline of the body known as 
the mediastinum. The mediastinum con¬ 
tains a number of structures, including the 
pericardium which encloses the heart. The 
abdominal cavity is divided into the true 
abdominal cavity (A4), which is lined with 
peritoneum, and the connective tissue space 
behind it known as the rétropéritonéal space. 
Below the abdominal cavity the pelvic or¬ 
gans lie in the lesser pelvis (A5) within the 
subperitoneal connective tissue space. 

Serous Cavities and Connective Tissue 
Spaces 

There are two ways in which an organ can 
be embedded in its surroundings. Organs 
that undergo significant changes in volume 
affecting adjacent organs are contained in 
serous cavities. A serous cavity is a comp- 
letely enclosed space which contains a small 
amount of serous fluid and is lined by a 
smooth, glistening serous membrane. The 
serous membrane consists of two layers: a 
viscéral layer that is in direct contact with 
the organ and encloses it and a pariétal layer 
lining the wall of the serous cavity. The 
viscéral and pariétal layers become continu- 
ous at sites or Unes of réfection. The three se¬ 
rous cavities are the pleural cavities which 
house the lungs; the pericardial cavity which 
contains the heart; and the peritoneal cavity 
(C) which contains most of the abdominal 
organs. 

Organs or parts of organs that are not con¬ 
tained in serous cavities usually lie in con¬ 
nective tissue spaces. Smaller connective 
tissue spaces (B) dérivé their names from 
adjacent organs; larger ones are the medi¬ 
astinum, rétropéritonéal space, and subperi¬ 
toneal space (D). 





A Viscera, médian sagittal section 


B Transverse section through neck 


D Transverse section through pelvis 


A-D Green: 

serous layerof peritoneum; 
yellow: connective tissue 


C Transverse section through abdomen 

























Cardiovascular Syste 


Circulatory System and Lymphatic 
Vessels 

Circulation of blood occurs in a closed System 
of tubes consisting of blood vessels with the 
heart serving as the central pump. The heart 
can be divided into a right half a nd a left half, 
each consisting of an atrium and ventricle. 
Irrespective of blood oxygen level, vessels 
that carry blood away from the heart are re- 
ferred to as arteries and vessels that carry 
blood to the heart are referred to as veins. 

The organization of the human circulatory 
System demonstrates a high level of différ¬ 
entiation. A distinction is made in postnatal 
life between pulmonary circulation and sys- 
temic circulation. In systemic circulation, ar¬ 
teries carry oxygen-rich blood away from 
the heart and veins carry deoxygenated 
blood toward the heart. In terms of function, 
pulmonary and systemic circulation are 
consecutive. Human postnatal circulation 
can be illustrated schematically as a figure- 
of-eight with the heart located at its inter¬ 
section acting as a suction and pressure 
pump (A). 

Pulmonary circulation. Deoxygenated 
blood from the systemic circulation flows 
from the right atrium (Al) into the right ven¬ 
tricle (A2) of the heart and from there into 
the pulmonary circulation. Pulmonary 
circulation begins with the pulmonary trunk 
(A3) which bifurcates into right (A4) and left 
pulmonary arteries (A5). These vessels divide 
in the lungs (A6) parallel to the branchings 
of the airways as far as the capillaries, which 
surround the terminal portions of the air¬ 
ways known as the alveoli. There the blood 
is enriched with oxygen and carbon dioxide 
is released into the airways. The oxygenated 
blood leaves the lungs by the pulmonary 
veins (A7) and flows to the left atrium (A8). 

Systemic circulation. Oxygenated blood 
from the lung flows from the left atrium (A8) 
of the heart into the left ventricle (A9). From 
there it is pumped through the aorta (A10) 


body. Large arteries branch off the aorta arn 
pass to the se para te circuits where the; 
divide many times and finally ramify int 
artérioles. These branch into a network o 
capillaries where gas exchange and exchang 
of metabolic products occur. At the capillar; 
plexus, the arterial portion of the systemi 
circulation passes into the venous portion ii 
which deoxygenated blood is collected ii 
venules, which doser to the heart unité t 
form veins. Venous blood from the legs am 
lower half of the trunk is conveyed to the in 
ferior vena cava (A15), that from the heac 
arms, and upper half of the trunk to the su 
perior vena cava (A16). The inferior and supe 
rior venae cavae empty into the right atriur 
(Al). 

Portai circulation is a spécial part of th 
systemic circulation. Venous blood from un 
paired abdominal organs ( stomach , intestinf 
pancréas, and spleen ) does not flow directl; 
into the inferior vena cava. Instead sub 
stances from these organs are absorbed b; 
the intestine, and the blood is carried by th> 
portai vein (A17) to a capillary bed in th> 
liver. After metabolism in the liver, thi 
blood is collected in the hepatic veins (A18 
and conveyed to the inferior vena cava. 

Lymphatic System. The lymphatic systen 
(green) (see p. 78) acts within the systemi 
circulation to shunt lymph to the venou 
portion ofthe circulatory System. Unlike thi 
System of blood vessels, the lymph drainagi 
System originates as blind-ended vessel 
that collect fluid from the extrace]] ula 
space in the periphery of the body via lym 
phatic capillaries (A19) and conveys it vi< 
larger lymphatic vessels and the main lym 
phatic trunks, the thoracic duct (A20) an< 
right lymphatic duct to the superior vena cave 
Biologie filters known as lymph nodes (A21 
are interspersed along the lymph vessel 
(see pp. 80-83). 

Clinical note. Oxygen-rich blood is often re- 
ferred to in clinical usage as arterial blood and 
deoxygenated blood is referred to as venous 
blood. 
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Cardiovascular System: OverView 


Fetaf Circulation (A) 

During prénatal life, the fétus (unborn off- 
spring from the ninth week after fertiliza- 
tion to birth) receives oxygen and nutrients 
from the mother’s blood and releases car¬ 
bon dioxide and metabolic waste products 
into it. The placenta (Al) serves as the con¬ 
necting organ for exchange between mother 
and fétus. Oxygen-rich blood carrying abun- 
dant nutrients passes from the placenta to 
the fétus via the umbilical veîn (A2) which 
initially lies in the umbilical cord. The 
umbilical vein enters the fêtai abdominal 
cavity at the navel, or umbilicus (A3), and 
passes to the viscéral surface of the liver 
(A4) where it connects to the left branch of 
the portai vein (A5). Although some of the 
blood from the umbilical vein thus enters 
the portai circulation, most bypasses the 
liver via a shunt called the ductus venosus 
(A6) and is carried into the inferior vena cava 
(A7). Blood from the ductus venosus thus 
mixes with deoxygenated blood from the 
inferior vena cava and hepatic veins (A8). 
Due to the relatively minimal admixture of 
deoxygenated blood, it remains well oxy- 
genated and passes via the inferior vena 
cava to the right atrium (A9). From there the 
blood is directed by the valve of the inferior 
vena cava toward the foramen ovale (A10) 
that lies in the septum between the right 
and left atria and connects them. Most of 
the blood reaches the left atrium (Ail), 
passes from there into the left ventride (A12) 
and flows via the branches of the aortic arch 
(A13) to the heart, head, and upper limbs. 
Deoxygenated blood from the head and 
arms of the fétus flows through the superior 
vena cava (A14) into the right atrium and 
crosses the bloodstream from the inferior 
vena cava to reach the right ventride (Al5), 
passing from there into the pulmonary trunk 
(A16). A minimal amount of blood passes 
through the pulmonary arteries (A17) into 
the not yet aerated lungs and from there 
through the pulmonary veins (A18) to the 
left atrium (Ail). Most of the blood from the 
pulmonary trunk flows directly into the 
aorta through the ductus arteriosus (A19), a 
shunt connecting the bifurcation of the pul¬ 
monary trunk or left pulmonary artery with 


the aorta. The branches given off by the por¬ 
tion of the aorta after the connection of the 
ductus arteriosus thus receive blood with a 
lower oxygen concentration than those 
before the connection which supply the 
head and upper limbs. A considérable 
amount of blood from the fêtai aorta is re- 
turned to the placenta through the paired 
umbilical arteries (A20). 

Circulatory Adjustments at Birth (B) 

At birth the fêtai circulation is converted 
into postnatal circulation. With the first cry 
of the infant, the /ungs are inflated and 
aerated reducing résistance in the pulmo¬ 
nary circulation which in turn increases the 
volume of blood flowing from the pulmo¬ 
nary trunk into the pulmonary arteries. The 
blood is oxygenated in the lungs and trans- 
ported by the pulmonary veins into the left 
atrium. Backflow of blood from the lungs in¬ 
creases the pressure in the left atrium , caus- 
ing functional closure of the foramen ovale as 
the flaps of the opening overlap. The fora¬ 
men ovale is thus converted into the oval 
fossa which is normally completely closed. 
The shunts, i.e., ductus venosus and ductus 
arteriosus, are closed off by contraction of 
the muscle within the vessel walls. After ob¬ 
litération the ductus venosus forms the liga- 
mentum venosum (B21) and the ductus arte¬ 
riosus forms the ligamentum arteriosum 
(B22). Cutting the umbilical cord disrupts 
the connection between placenta and 
umbilical cord vessels, leading to thrombo- 
sis and graduai oblitération of the vessels. 
The umbilical vein becomes the round liga¬ 
ment of the liver (B23) and the umbilical ar¬ 
teries become the cords of the umbilical arter¬ 
ies (B24). 
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Cardiovascular System: Heart 


Heart 

The heart (Al) is a fibromuscular, hollow 
organ with a rounded, conical shape. It is 
situated in the thorax (A) where it is posi- 
tioned obliquely to the body’s axis so that 
the apex of the heart (AB2) is directed to the 
left, inferiorly and anteriorly, while the base 
of the heart (A3) is directed to the right, su- 
periorly and posteriorly. The size of the 
heart dépends upon factors such as the sex, 
âge, and fitness level of an individual. 

External Features 

Anterior Aspect 

Structure. The anterior view of the heart in 
its natural position with an opened peri- 
cardium shows the sternocostal surface (B) 
which is mostly formed by the anterior wall 
of the right ventride (B4 ) and a small portion 
of the wall of the left ventride (B5). The left 
ventricle extends toward the left to form the 
apex of the heart (B2). The boundary between 
the ventricles is demarcated by a groove 
known as the anterior interventricular sulcus 
(B6). The sulcus contains a branch of the left 
coronary artery ( anterior interventricular 
artery ) and the accompanying cardiac vein 
(anterior interventricular vein), embedded 
in adipose tissue. These vessels fill up the 
anterior interventricular sulcus, smoothing 
the anterior surface of the heart. The con¬ 
tour of the right side of the heart is formed 
by the right atrium (B7) and su péri or vena 
cava (B8). The inferior vena cava is not vis¬ 
ible in the anterior view. The right atrium 
has an outpouching known as the right 
auride (B9) which occupies the space be¬ 
tween the superior vena cava and the root of 
the aorta (B10). The right atrium and right 
auricle are separated from the right ven¬ 
tricle by the coronary sulcus (Bll) which is 
also filled up by coronary vessels and 
adipose tissue. The contour of the left side of 
the heart is formed by a small portion of the 
left auricle (B12) and the left ventricle. The 
left auricle lies adjacent to the pulmonary 
trunk (B13). 


Adjacent vessels. Viewing the sternocostal 
surface of the heart, we can see that the pul¬ 
monary trunk (B13), which arises from the 
right ventricle, lies anterior to the aorta 
(B10), which arises from the left ventricle. 
Aorta and pulmonary trunk wind around 
each other, with the aorta, which com¬ 
mences posteriorly, passing forward as the 
ascendingaorta (B10 a) and continuing as the 
aortic arch (B10 b) which crosses over the 
pulmonary trunk, partially covering the 
pulmonary bifurcation into the left pulmo¬ 
nary artery (B14) and right pulmonary artery 
(not visible from anterior view). The eut 
edges of the left pulmonary veins (B15) are 
visible below the left pulmonary artery. The 
vessels supplying the head and amis arise 
from the aortic arch as the brachiocephalic 
trunk (B16) with the right subclavian artery 
(B17) and right common carotid artery (B18), 
left common carotid artery (B19), and left 
subclavian artery (B20). 

The eut edges of the pericardium (B21 ) (see p. 
30) are visible near the great vessels, i.e., the 
superior vena cava (B8), ascending aorta 
(B10 a), and pulmonary trunk (B13). Passing 
between the inferior aspect of the aortic 
arch and the superior aspect of the pulmo¬ 
nary bifurcation there is a short band, the 
ligamentum arteriosum (B22), a remnant of 
the fêtai ductus arteriosus (see p. 8). The 
boundary between the sternocostal surface 
and the diaphragmatic surface is demar¬ 
cated on the right ventricle by the right 
border (B23). 

The use of color in the illustrations of internai and 
external cardiac structures represents as closely 
as possible the proportions in the living body. 
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Cardiovascular System: Heart 


External Features, cont. 

Posterior Aspect (A) 

Structure and adjacent vessels. In its natu- 
ral position with the pericardium opened, 
the base of the heart (I) and part of the dia¬ 
phragmatic surface (II), the inferior surface 
of the heart, can be seen in the posterior 
view. This view allows visualization of the 
openings of the superior vena cava (AB1) and 
inferior vena cava (AB2) into the nearly per- 
pendicular right atrium (AB3). The long axis 
of both venae cavae is tilted slightly for- 
ward. The venae cavae are séparated from 
the base of the right auricle by a groove 
known as the sulcus terminalis cordis (A4). 
The right pulmonary veins (AB6) and left pul- 
monary veins (AB7) open into the horizon¬ 
tal ly oriented left atrium (A5). The eut edge 
of the pericardium (A8) is visible on the pos¬ 
terior wall of the left atrium. Above the left 
atrium, the pulmonary trunk bifurcates into 
the right pulmonary artery (A9) and left pul¬ 
monary artery (A10). The aortic arch (AU) 
crosses over the bifurcation of the pulmo¬ 
nary trunk after giving off the three main 
branches of the brachiocephalic trunk (A12) 
with the right subclavian artery (A13) and 
right common carotid artery (A14) as well 
as left common carotid artery (A15) and left 
subclavian artery (A16). After Crossing over 
the pulmonary bifurcation, the aorta con¬ 
tinues as the descending aorta (A17). 

Inferior Aspect (B) 

Most of the diaphragmatic surface of the 
heart (II) rests on the diaphragm, and it can 
only be fully visualized when the heart is 
viewed from caudal. The view into the right 
atrium (AB3) is roughly along the axis of 
both venae cavae, that is, looking from the 
opening of the inferior vena cava (AB2) into 
the opening of the superior vena cava (AB1). 
The diaphragmatic surface of the heart is 
chiefly formed by the left ventride (B18), 
which is separated from the left atrium by 
the coronary sulcus (B19). The coronary sul¬ 
cus contains the venous coronary sinus 
(B20) and a branch of the left coronary 
artery. The left ventride is separated from 
the right ventride (B21), which is only vis¬ 


ible in the posterior view, by the posterior in- 
terventricular sulcus (B22) (containing the 
posterior interventricular branch and poste¬ 
rior interventricular vein). 

Clinical note. In dinical practice, especially in 
diagnosing heart attack, the walls of the left ven- 
tricle are referred to as the anteriorand poste¬ 
rior walls. The anterior wall describes the part 
of the left ventricular wall that forms the ster- 
nocostal surface while the posterior wall is that 
part which forms the diaphragmatic surface. 
Myocardial infarctions involving the anterior 
wall are divided into anterobasal. antérolatéral, 
anteroseptal, and apical infarctions. In patients 
with posterior wall involve ment, posterobasal, 
postero/atera/, and posteroseptal myocardial in¬ 
farctions are distinguished from posteroinferior 
or diapbragtnal myocardial infarctions. 
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Chambers of the Heart 

The following sections discuss the cham¬ 
bers of the heart in order of the direction of 
blood flow. 

Right Atrium 

The right atrium (A) consists of two parts. 
The two venae cavae, the superior vena cava 
(Al) and inferior vena cava (A2) drain into 
its posterior portion. The posterior portion 
of the right atrium has smooth walls arising 
from its embryological origin and is referred 
to as the sinus of venae cavae. The true atrium 
lies anterior to it and is derived from the 
original embryologie atrium. In the true 
atrium, the cardiac muscle projects into the 
cavity as trabeculae known as the pectinate 
muscles (A3). The true atrium is continuous 
anteriorly with the right auride (A4). 

Sinus of venae cavae. The opening of the su¬ 
perior vena cava (Al a) is directed downward 
and anteriorly and does not hâve a valve. 
The inferior vena cava opens at the lowest 
point of the right atrium. The opening of the 
inferior vena cava (A2 a) is shielded by a cres- 
cent-shaped valve, the valve of inferior vena 
cava (A5). During fêtai life this valve is large 
and directs blood from the inferior vena 
cava directly through the foramen ovale (see 
p. 8) in the interatrial septum (A6) into the left 
atrium. After birth, a dépréssion, the oval 
fossa (A7), is found at this site, lt is bordered 
by a prominent margin, the limbus fossae 
ovalis (A7 a). Médial to the valve of the infe¬ 
rior vena cava, the coron a ry sinus, a venons 
structure, opens into the right atrium, lt re- 
tums the greater portion of the backflow of 
deoxygenated blood from the heart itself. 
The opening of coronary sinus (A8) is also 
shielded by a valvular fold, the valve of coro¬ 
nary sinus . At various sites the tiniest car¬ 
diac veins empty via minute openings, the 
openings of smallest cardiac veins, into the 
right atrium. 

True atrium and right auricle. In the inte- 
rior of the heart, this area is separated from 
the smooth-walled sinus of the venae cavae 
by a ridge referred to as the crista terminalis 
(A9). On the outer surface of the heart, the 


crista terminalis, from which the pectinate 
muscles originate, corresponds to a slight 
dépréssion, the sulcus terminalis cordis (see 

p. 12). 

Right Ventricle 

The interior of the right ventricle (B) is 
divided by two muscular ridges, the su- 
praventricular crest (B10) and s eptomarginal 
trabecula (Bll) which form the inflow 
tract located posteroinferiorly (arrow) and 
the outflow tract, located anterosuperiorly 
(arrow). The muscular wall of the right ven¬ 
tricle (B12) is thin. 

Inflow tract. Muscular ridges, the trabeculae 
carneae (B13), project from the wall of the 
inflow tract in the direction of the lumen. 
Blood flows through the atrioventncular ori¬ 
fice, over the right atrioventricular valve (tri- 
cuspid valve) (AB14), out of the right atrium 
into the inflow tract of the right ventricle. 
The tricuspid valve has tbree cusps, or leaf- 
lets (see p. 22), which are attached by ten- 
dinous cords, the chordae tendineae (B15), 
to the papillary muscles (B16-17). The papil- 
lary muscles are a spécial form of trabeculae 
carneae. The position of the anterior papil¬ 
lary muscle (B16) and posterior papillary 
muscle is constant, while that of the septal 
papillary muscle varies (B17). 

Outflow tract. The conus arteriosus (B18) (in- 
fundibulum) has smooth walls and directs 
blood flow to the pulmonary valve orifice at 
the opening ofthe pulmonary trunk. The pul¬ 
monary valve (B19) is located at the origin of 
the pulmonary trunk (B20) and consists of 
three semilunar cusps (see p. 22). 
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Chambers of the Heart, cont. 

Left Atrium 

The predominantly smooth-walled interior 
of the left atrium (A) is smaller than that of 
the right. Much of the cavity is occupied by 
the right and left pulmonary veins (Al-2), 
which are drawn into the left atrium during 
ontogenetic development. Generally there 
are four pulmonary veins, two from each 
side, which open into the upper portion of 
the left atrium. There are no valves at the 
openings of the pulmonaiy veins. The left 
atrium is continuous anteriorly with the left 
auricle, which contains small pectinate 
muscles that project into its lumen. There is 
no clear démarcation in the left atrium be- 
tween the smooth-walled and muscular 
portions. Near the interatrial septum dividing 
the right and left atria is the valve of the fora¬ 
men ovale (A3), which is produced by the 
oval fossa of the right atrium. 

Left Ventride 

Like the right ventricle, the inner space of 
the left ventricle is divided into an inflow 
tract (arrow), with jagged trabeculae cameae 
(B4), and a smooth-walled outflow tract 
(arrow). The muscular wall of the left ven¬ 
tricle (B5) is about three times thicker than 
that of the right. 

Inflow tract. The left atrioventricular valve 
(mitral valve), also called the bicuspid valve 
(B6), is located in the left atrioventricular 
orifice, lt directs blood from the left atrium 
into the inflow tract of the left ventricle. The 
bicuspid valve has two large leaflets, the 
anterior (AB7) and posterior cusps (AB8). 
These are attached via the thick and strong 
chordae tendineae (B9) to the papillaiy 
muscles which hâve two or more domed pro¬ 
jections. The papillary muscles consist of 
the anterior papillary muscle (BIO) and pos¬ 
terior papillary muscle (B11). The anterior 
papillary muscle arises from the sterno- 
costal surface of the left ventricle and the 
posterior papillary muscle from the dia- 
phragmatic surface. The anterior cusp of the 
bicuspid valve is continuous at its origin 
with the wall of the aorta, dividing the in¬ 
flow and outflow tracts. 


Outflow tract The smooth-walled outflow 
tract passes along the interventricular sep¬ 
tum (B12) to the aorta, at the origin of which 
lies the aortic valve (B13). The aortic valve 
consists of three strong semilunar cusps . The 
largest portion of the interventricular septum 
(B12), the muscutarpart, consists of cardiac 
muscle. A small portion lying just caudal to 
the right and posterior aortic valve is mem- 
branous and is referred to as the mem- 
branous part (see p. 40). The margins of the 
interventricular septum correspond to the 
anterior interventricular sulcus (B14) and 
posterior interventricular sulcus on the sur¬ 
face of the heart. 

Clinical note, inflammation invoiving heart valves 

can be followed by scarring of the valve mar¬ 
gins. Stenosis refers to narrowing of the valve 
opening caused by scarring. If scarring shrinks 
the valve margins, insuffiriency occurs as they 
fail to meet completely upon closure of the 
valve. 
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Cardiovascular System: Heart 







Cardiac Skeleton 

The heart valves ail lie approximately in one 
plane, the valvular plane, which can be 
visualized when the atria are removed 
above the level of the coronary sulcus and 
the base of the heart is viewed from cranial 
(A). In the valvular plane the surrounding 
connective tissue is thickened to form the 
fi brous cardiac skeleton (A, B). The cardiac 
skeleton séparâtes the muscle of the atria 
and ventricles. The thickest area of con- 
densed connective tissue is found at the site 
where the aortic valve (AB1 ), tricuspid valve 
(AB2), and bicuspid valve (AB3) meet. This 
area is known as the rightfibrous trigone (B4) 
or central fibrous body. The site where the 
aortic and bicuspid valves meet is referred to 
as the left fibrous trigone (B5). The orifices of 
the tricuspid valve and bicuspid valve are 
surrounded by two incomplète fibrous 
rings, the right fibrous ring (B6) and left 
fibrous ring (B7), which serve for the attach¬ 
aient of the valve flaps. The pulmonary valve 
(A8) is not anchored at ail to the cardiac 
skeleton. 

Layers of the Heart Wall 

The wall of the heart is made up of three 
different layers: the epicardium, myocardium, 
and endocardium. Its thickness is primarily 
determined by that of the myocardial layer 
which varies in different areas of the heart, 
depending on functional demands: the 
walls of the atria contain little muscle while 
those of the right ventricle are considerably 
thinner than those of the left ventricle. 

Myocardium 

Atrial muscle (C, D). The atrial myocardium 
can be divided into superficial and deep lay¬ 
ers. The superficial layer extends over both 
atria and is thicker along its anterior aspect 
(C) than its posterior aspect (D). The fea- 
tures of the deep layer are characteristic for 
each of the two atria, containing looped 
fibers or annular fibers that pass to the re¬ 
spective atrioventricular orifice or surround 
the openings of the veins. 


Ventricular muscle (C-E). The walls of the 
ventricles contain a highly complex ar¬ 
rangement of myocardial fibers with mor- 
phologically distinct subepicardial, middle, 
and subendocardial layers. In the outer sub¬ 
epicardial layer (C-E), the fibers of the right 
ventricle run nearly horizontally around the 
surface, while those of the left ventricle are 
directed almost longitudinally toward the 
diaphragmatic surface. At the apex of the 
two ventricles the superficial subepicardial 
muscle fibers form the vortex of the heart 
(E9) where they curve around to form the 
inner subendocardial layer. The left ven¬ 
tricle and interventricular septum hâve a 
thick middle muscular layer that is usually 
circular and is absent in the wall of the right 
ventricle. The inner, subendocardial layer con- 
tributes to the formation of the trabeculae 
cameae and papillary muscles. The coronary 
sulcus (CD10), anterior interventricular sul¬ 
cus (CE11), and posterior interventricular 
sulcus (DE12) are clearly visible on dissected 
myocardium. 

Endocardium and Epicardium 

The inner surface of the myocardium is 
lined with endocardium, a continuation of 
the inner layer of the vessel walls (see p. 86) 
consisting of an endothélial layer and a thin 
layer of connective tissue. On its outer sur¬ 
face, the myocardium is lined with shiny, 
smooth epicardium, which is formed by mé¬ 
sothélium , a thin layer of connective tissue 
and a variably thick subepicardial layer of 
adipose tissue that serves to smooth out any 
unevenness on the surface of the heart. 

C13 Left auricle, CD14 Left ventricle, CD15 Right 
ventricle. CD16 Right atrium, CD17 Right auricle, 
CD18 Superior vena cava, D19 Inferior vena cava, 
D20 Pulmonary valves, D21 Left atrium 


' 
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A Valvular plane, cranial view 




B Cardiac skeleton, isolated, cranial view 


C Anteriorviewof heart, myocardium 
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D Posteriorviewof heart, myocardium 
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E Myocardium atapexof heart 
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Cardiovascular System: Heart 




Layers of the Heart Wall, Histology, 
and Ultrastructure 

Working Myocardium 

The working myocardium consists of in- 
dividual muscle cells which, in a manner 
similar to skeletal muscle structure, exhibit 
transverse striations produced by the organi- 
zation of myofibrils. As in skeletal muscle, 
contractile proteins are arranged in sarcom- 
eres (Vol. 1, p. 18). 

Light Microscopie Appearance (AB). Car- 
diac muscle cells (AB1) are up to 120pm 
long and in the average adult hâve an aver¬ 
age diameter of 20pm. They are branched 
cells which establish end-to-end connections 
with adjacent cells, and are arranged in 
bundles, thus forming a complex three-di- 
mensional crystal lattice structure, with con¬ 
nective tissue (AB2) containing a dense capil- 
lary network in its spaces. The nucléus (AB3) 
of a cardiac muscle cell is located centrally. 
Surrounding the nucléus is a perinuclear zone 
devoid of myofibrils (A4), but with abundant 
sarcoplasm and organelles and containing 
aggregations of glycogen granules and lipo- 
fuscin droplets. The transverse cell bounda- 
ries where cardiac muscle cells abut against 
each other are referred to as intercalated dises 
(A5). 

Electron Microscopie Appearance (C). Hid- 
den behind the intercalated dise is the site 
where opposing membranes, sarcolemma 
(C6), of cardiac muscle cells are intricately 
interlocked, forming important cell contacts 
consisting of desmosomes (C7) and gap junc- 
tions (nexus) (C8) that act to distribute elec- 
trical impulses. At the intercalated dise, the 
actin filaments (C9) of a cell end in a con- 
densed limiting layer (CIO), although the 
actin filaments of the adjacent cell continue 
in the same direction. Cardiac muscle cells 
contain abundant numbers of large mito- 
chondria (Cil) lying between myofibrils 
which supply the high amount of energy re- 
quired for myofibril contraction. Dis- 
tributed throughout the cardiac muscle cell 
there are two Systems of intracellular 
canaliculi surrounded by membranes. The 
System of transverse tubules, or T*tubules 


(C12), is a spécial dérivative of the sar¬ 
colemma. The System composed of longi¬ 
tudinal tubules or L-tubules (C13) is formed 
by the endoplasmic réticulum of the cardiac 
muscle cell. 

Spedallzed Conduction Tissue (D) 

Cells of the conducting System of the heart 
(D14) (see p. 26) are often larger in diameter 
than those of the working myocardium and 
usually lie embedded in connective tissue 
directly beneath the endocardium (D15). 
These cells contain fewer fibrils, abundant 
glycogen, and are capable of producing 
energy anaerobically. For further informa¬ 
tion please see textbooks of histology. 

Clinical note. Cardiac muscle cells cannot re- 
generate. Although damage resulting from 
temporary inadéquate blood supply is réversi¬ 
ble, prolonged inadéquate supply, or ischemia, 
causes irréversible damage involving necrosis 
and replacement of tissue by connective tissue 
scarring. 
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A Cardiac muscle tissue, longitudinal section, B Cardiac muscle tissue, 

appearance on light microscopy cross*section, appearance on 




D Cellsofthe conduction System, appearance on light microscopy 
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Cardiovascular System: Heart 


Heart Valves 
Atrioventricular Valves 

Each atrioventricular valve consists of a flap 
of connective tissue that is covered on both 
sides by endocardium and is devoid of blood 
vessels. The atrial surface of the flap is 
smooth; the chordae tendineae arise from 
its free margins and inferior surface. 

Tricuspid valve. The tricuspid valve has 
three leaflets known as the anterior cusp 
(A-Cl ), posterior cusp (A-C2), and septal cusp 
(A-C3), situated at the interventricular sep¬ 
tum. The anterior cusp (A-Cl) is the largest 
of the three; its chordae tendineae are at- 
tached to the strong anterior papillary 
muscle (C4) that is derived from the septo- 
marginal trabecula. The attachment site of 
the septal cusp (C5) is at the level of the 
membranous part of the septum, dividing it 
into an anterior , interventricular portion be- 
tween the two ventricles, and a posterior, 
atrioventricular portion between the right 
atrium and left ventricle. In between the 
three large cusps are small intermediate seg¬ 
ments (A-C6) that do not reach the fibrous 
ring. 

Bicuspid valve. Possessing two leaflets, the 
bicuspid valve (mitral valve) has an antero- 
medial cusp, the anterior cusp (AB7), and a 
postérolatéral cusp, the posterior cusp (AB8). 
The short and thick chordae tendineae are 
attached to an anterior and posterior papil¬ 
lary muscle in such a manner that each 
papillary muscle supports adjacent sides of 
both valve leaflets. The anterior cusp is con- 
tinuous at its septal origin with the wall of 
the aorta (AB9). In addition to its two large 
cusps, the mitral valve has two small ones, 
the commissural cusps (AB10) which do not 
extend as far as the fibrous annulus. 

Functional anatomy. In the filling phase, ventric- 
ular diastole, during which blood flows from the 
atria into the ventricles, the margins of the cusps 
move apart and the valves open (A). In the éjec¬ 
tion phase, ventricular systole, the ventricular myo- 
cardium contracts and the column of blood is 
forced into the outflow tract (B). During this 
process the complex attachment of the subvalvu- 
lar apparatus prevents the cusps from prolapsing 
into the atrium. 


Semilunar Cusps 

The valves of the pulmonary trunk (ABU) 
and aorta (AB9) each consist of three nearly 
equally sized valves, the semilunar cusps, 
which are formed by folds of endocardium. 
The attachment of the semilunar cusps is 
curved, and the artery walls near the valves 
are thin and bulging (D). Located in the 
middle of the free margin of each valve is a 
nodule of semilunar cusp (D12). On either 
side of the nodule, running along the valve 
margin there is a thin, crescent-shaped rim 
called the lunule of semilunar cusp (D13). 

Pulmonary valve. The pulmonary valve 
consists of an anterior semilunar cusp (A14), 
right semilunar cusp (Al5), and left semilunar 
valve (A16). The wall of the pulmonary trunk 
opposite the valve protrudes to form a shal- 
low sinus (A17). 

Aortic valve. The aortic valve has a posterior 
semilunar cusp (A18), right semilunar cusp 
(A19), and left semilunar cusp (A20). Near the 
valve, the wall of the aorta bulges out- 
wardly, forming the aortic sinus (A21) and 
enlarging the luminal diameter of the vessel 
(aortic bulb). The left coronary artery (AD22) 
arises from the aortic sinus of the left semi¬ 
lunar cusp (D) and the right coronary artery 
(AD23) from the aortic sinus of the right 
semilunar cusp. 

Functional anatomy. In ventricular diastole (A) 

while the column of blood is exerting pressure on 
the walls of the pulmonary trunk and aorta, the 
cusps unfold and the valve closes. The nodules on 
the margins of the cusps ensure that the valve is 
fully closed. During ventricular systole (B), in- 
creased pressure in the upstream ventricle causes 
the margins of the cusps to separate. although 
turbulent blood flow prevents them from lying 
directly against the vessel wall. 
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Vasculature of the Heart 

The coronary vessels are the blood vessels 
that supply the heart itself, providing 
nourishment to the cardiac muscle tissue. 
The vessels responsible for supplying the 
body are the large “functional" vessels 
which are situated at the base of the heart. 
The coronary vessels dérivé their name from 
the location of their main stems in the coro¬ 
nary sulcus. The short coronary circulation 
comprises the coronary arteries (the fïrst 
branches of the aorta), a capillary network 
lying directly beneath the myocardial sur¬ 
face, and the coronary veins, most of which 
open into the coronary sinus and drain into 
the right atrium. 

Coronary Arteries (A-C) 

The main stems of the right coronary artery 
(Al ) and left coronary artery (A2) arise in the 
aorticsinuses of the right and left semilunar 
valves. 

Right coronary artery (Al ). At the site of its 
entry into the coronary sulcus (A3) on the 
right side, the right coronary artery is ini- 
tially covered by the right auricle (A4). After 
distributing branches to the right atrium 
and anterior surface of the right ventricle, 
and giving off the right marginal artery (A5), it 
travels posteriorly in the coronary sulcus to 
the posterior interventricular sulcus (B6) 
where it gives rise to the posterior inter¬ 
ventricular artery (B7). In most people (in 
balanced circulation) the right coronary 
artery supplies the right atrium, the con- 
ducting System of the heart, the greater por¬ 
tion of the right ventricle, the posterior part 
of the interventricular septum, and the ad¬ 
jacent diaphragmatic surface of the heart. 

Left coronary artery (A2). The short stem 
initially passes between pulmonary trunk 
(A8) and left auricle (A9) before dividing 
into the anterior interventricular artery (A10) 
which travels caudally in the anterior inter¬ 
ventricular sulcus (Ail), and circumflex artery 
( A12) which runs posteriorly in the coronary 
sulcus. The stems of the coronary arteries, 
lying superficially in the sulci, are located in 
the subepicardial adipose tissue, but their 


branches are often surrounded by myo- 
cardium or myocardial bridges. In balanced 
circulation the left coronary artery supplies 
most of the left ventricle and the anterior 
portion of the interventricular septum, part 
of the right ventricle at the sternocostal sur¬ 
face of the heart, and the left atrium. 

Clinical note. Although coronary arteries form 
small anastomoses with one another. these are 
insufficient for developing collateral circula¬ 
tion if vessels become occluded. Coronary ar¬ 
teries are therefore considered end arteries in 
terms of function. Occluded arteries lead to in¬ 
sufficient blood supply to a portion of myo- 
cardium, resulting in a heart attack. 

Coronary Veins (A-B) 

Most of the deoxygenated blood leaving the 
walls of the heart flows through the veins, 
which accompany the arteries, to the coro¬ 
nary sinus (B13) lying in the posterior por¬ 
tion of the coronary sulcus (AB3). The larger 
tributaries that empty into the coronary 
sinus are the anterior interventricular vein 
(A14) which becomes the great cardiac vein 
(B15) in the left coronary sulcus, the middle 
cardiac vein (B16) lying in the posterior inter¬ 
ventricular sulcus, and the small cardiac vein 
(B17) from the right side. About two-thirds 
of deoxygenated blood flows directly into 
the right atrium via larger veins and the 
coronary sinus. Smaller veins, the right 
ventricular veins, open directly into the right 
atrium, and the smallest veins, the small 
cardiac veins, empty directly into the inner 
spaces of the heart. 

Lymphatic Vessels 

The dense lymphatic network of the heart 
can be divided into a deep endocardial, middle 
myocardial, and superficial epicardial network. 
Larger collecting vessels travel in the epi- 
cardium, accompanying the aorta and pul¬ 
monary trunk. The corresponding régional 
lymph nodes belong to the anterior médiasti¬ 
nal nodes (see p. 82). 
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A Coronary vessels on 
sternocostal surface 


C Origin of coronary arteries 
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Conducting System of the Heart 

Specialized cardiac muscle cells generate 
and conduct spontaneous rhythmic im¬ 
pulses that stimulate the beating of the 
heart. These cells are collectively known as 
the conducting System of the heart and 
they differ in terms of histology and func- 
tion from the rest of the cardiac muscle, the 
working myocardium. Clusters of cells are 
found at two sites where they form nodular 
structures known as the sinuatri'a/ node and 
atrioventricular node {AV node). Most of 
these cells, however, are arranged into 
bundles which can be divided into the atrio- 
ventricular bundle and the right bundle and 
left bundle , the bundle branches of the 
ventricular conducting System. The path- 
way traveled by an impulse from where it 
was generated to its functional spread to the 
working myocardium is discussed in the fol- 
lowing sections on the basis of identifiable 
morphological structures (A-B). 

The sinuatrial node (Al) (Keith-Flack 
node) lies beneath the epicardium near the 
opening of the superior vena cava (A2) in 
the su/cus terminalis cordis. The spindle- 
shaped node is referred to as the cardiac 
pacemaker as it generates 60-80 impulses 
per minute which travel to the rest of the 
conducting System. The second component 
of the specialized cardiac muscle tissue is 
the atrioventricular node (Aschoff-Tawara 
node) (A3), located at the atrioventricular 
septum in the interatrial septum (A4) be- 
tween the opening of the coronary sinus 
(A5) and the septal cusp of the tricuspid 
valve (A6). The impulses generated by the 
sinuatrial node are conducted through the 
working myocardium of the right atrium to 
the atrioventricular node, where the 
bundles belonging to the conducting System 
begin. These consist of the atrioventricular 
bundle (A7) or bundle of His, whose trunk, 
the trunk of atrioventricular bundle, péné¬ 
trâtes the cardiac skeleton as it travels 
toward the ventricles. The atrioventricular 
bundle reaches the superior margin of the 
muscular interventricular septum on the 
side of the right ventricle and divides into 
right and left conduction bundle branches. 


These travel bilaterally beneath the endo- 
cardium in the interventricular septum 
toward the apex of the heart. The right 
bundle (A8) curves downward and enters 
the septo marginal trabecula (A9) to reach 
the anterior papillaty muscle (A10). Its pe- 
ripheral branches are the subendocardial 
branches (Ail) which form a subendocardial 
plexus. The plexus terminâtes in functional 
connections with the papillary muscles or 
the ventricular myocardium near the apex of 
the heart and then passes with récurrent 
bundles in the trabeculae carneae to reach 
the myocardium of the base of the heart. A 
few specialized cardiac muscle cells form 
pseudo-tendinous cords, Purkinje fîbers, 
which pass to the papillary muscles. 

The left bundle (B12) fans out in fiat bundles 
along the interventricular septum. These 
bundles are usually divided into two major 
bundles which proceed to the base of the 
papillaty muscles, b ranch off to form suben¬ 
docardial networks, form functional connec¬ 
tions with the ventricular myocardium near 
the apex of the heart, and travel as récurrent 
bundles to reach the myocardium ofthe base 
ofthe heart. 

Functional anatomy. Ail components of the con¬ 
ducting System of the heart are theoretically 
capable of generating impulses. Yet. the impulse 
frequency of the sinuatrial node. at a rate of about 
70 per minute, is faster than that of the AV node 
with 50-60 impulses per minute and that of the 
ventricles with 25-45 per minute. Thus, the 
heartbeat is normally determined and coordi- 
nated by the sinuatrial node (sinuatrial nodal 
rhythm) while subséquent components of the 
conducting System remain silent. 

Clinical note. Pathological conditions can dis- 
rupt the conducting System of the heart. Diag- 
nosis of abnormalities can be assisted by an 
electrocardiogram (ECG). 
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B Conducting System of heart, 
viewed from the left 


A Conducting System of heart, 
viewed from the right 
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Cardiovascular System: Heart 


Innervation 

The heartbeat, which is initiated by the 
sinuatrial node, is influenced by the auto¬ 
nomie (végétative) nervous System (Vol. 3, 
p. 292 ff.). Nerve supply to the heart (A) is 
derived from the sympathetic and parasympa- 
thetic parts of the autonomie nervous Sys¬ 
tem. Cardiac nerves carry autonomie effer- 
ent fi bers as well as viscerosensory afferent 
fibers. 

Sympathetic innervation. Généra lly, three 
cardiac nerves originate from the cervical 
portion of the sympathetic trunk at the level 
of the cervical ganglia: the superior cervical 
cardiac nerve (Al ), middle cervical cardiac nerve 
(A2), and inferior cervical cardiac nerve (A3). 
Coursing posterior to the neurovascular 
bundle, they travel caudally to the cardiac 
plexus (A4). Additional thoracic cardiac 
branches (A5) arise from the upper thoracic 
ganglia and likewise pass to the cardiac 
plexus. The cardiac nerves of the sympa¬ 
thetic nervous System carry postganglionic 
autonomie fibers whose preganglionic seg¬ 
ments arise from the upper segments of the 
thoracic spinal cord. The sympathetic car¬ 
diac nerves also contain viscerosensory 
fibers particularly pain fibers whose peri- 
karya lie in the cervical and thoracic spinal 
ganglia. 

Stimulation of sympathetic cardiac nerves leads 
to an increased heart rate greater force of 
contraction and excitation, and accelerated 
impulse conduction in the atrioventricular 
node. 

Parasympathetic innervation. The para- 
sympathetic cardiac nerves arise from the 
vagus nerve (A6). They branch off at various 
levels from the cervical portion of the vagus 
nerve as the superior (A7) and inferior (A8) 
cervical cardiac branches and pass to the car¬ 
diac plexus. The t/ioracic cardiac branches 
(A9) also radiate from the thoracic portion 
of the vagus nerve and pass to the cardiac 
plexus. The vagal cardiac nerves contain 
mostly preganglionic autonomie fibers that 
synapse with postganglionic fibers in sub- 
epicardial neurons at the base of the heart. 
The viscerosensory fibers of the parasympa¬ 


thetic cardiac branches mainly conduct im¬ 
pulses from baroreceptors and stretch recep- 
tors . 

Stimulation of parasympathetic cardiac nerves 

leads to decreased heart rate and force of 
contraction, reduced excitation and slower 
impulse conduction in the atrioventricular 
node. 

Cardiac Plexus 

The sympathetic cardiac nerves and para¬ 
sympathetic cardiac branches ramify and 
travel along the base of the heart where 
they join to form the cardiac plexus (A4). 
Based on topographical features the cardiac 
plexus can be divided into superficial (A4a) 
and deep parts (A4b). Embedded within thp 
plexus are smaller and larger collections of 
nerve cells, including the cardiac ganglia 
(AlO). The superficial, or anterior, portion of 
the plexus lies below the aortic arch in front 
of the right pulmonary artery and is sup- 
plied mainly by fibers from the cardiac 
nerves on the left side. The deep, or posterior, 
portion of the plexus lies behind the aortic 
arch and anterior to the trachéal bifurcation 
(Ail), lt contains fibers from the cardiac 
nerves on both sides. The two portions of the 
cardiac plexus are interconnected and ulti- 
mately give off the true cardiac branches, 
supplying ail areas of the heart via plexuses 
lying along the coronary arteries and atria. 

A12 Superior cervical ganglion, A13 Middle cervi¬ 
cal ganglion, A14 Cervicothoracic ganglion, A15 
Thoracic ganglia, A16 Récurrent laryngeal nerve 
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Cardiovascular System: Heart 


Pericardium 

Like ail viscéral organs that undergo signifi- 
cant changes in volume and displacement 
relative to adjacent organs, the heart is con- 
tained within a serous cavity, the peri- 
cardial cavity (B). 

The pericardium (AB1) encloses the heart 
and portions of the great vessels near its 
base. It consists of two components, an 
outer fibrous pericardium and an inner se¬ 
rous pericardium. The fibrous pericardium is a 
sacformed by collagenous connective tissue 
with dense fibers that surrounds the heart 
without actually being connected to it. The 
serous pericardium is a dual-layered closed 
System within the fibrous pericardium. Like 
ail serous membranes it is composed of a 
pariétal and a viscéral layer. The viscéral 
loyer or epicardium lies directly on the sur¬ 
face of the heart and roots of the great ves¬ 
sels. It turns back on itself to become the 
pariétal layer (B2) which Unes the inner sur¬ 
face of the fibrous pericardium (B3). 

Fibrous pericardium. The fibrous peri¬ 
cardium is fused at various sites with sur- 
rounding structures, anchoring the heart in 
its position in the thorax. Its caudal portion is 
joined to the central tendon of the dia- 
phragm. Its anterior portion is attached by 
the stemopericardial ligaments , variable 
bands, to the posterior surface of the ster¬ 
num (B4). Thicker connective tissue bands 
also pass posteriorly to the trachea and verté¬ 
bral column. Laterally, the fibrous peri¬ 
cardium is separated from the pariétal layer 
of the pleural cavity by loose connective 
tissue. 

Serous pericardium. The pariétal layer and 
viscéral layer can only be visualized when the 
pericardial cavity is laid open. This also re- 
veals the Unes of refiection between these 
two layers which form a cranial border 
around the superior vena cava (A-C5), aorta 
(A-C6), and pulmonary trunk (A-C7). A seg¬ 
ment of the aorta and pulmonary trunk 
about 3 cm long is contained within the per¬ 
icardium. Shorter portions of the caudal 
part of the anterior wall of the inferior vena 
cava (BC8) and the posterior walls of the 


pulmonary veins (BC9) are also covered by 
pericardium. The sites of refiection are ar- 
ranged to form two complex tubes (C), one 
enclosing the aorta and pulmonary trunk at 
the arterial opening (red Une) and the other 
enclosing the pulmonary veins and venae 
cavae at the venous opening (blue Une). Lying 
between the tubes at the arterial and 
venous openings there is a groove, the trans¬ 
verse pericardial sinus (arrow in C). The aorta 
and pulmonary trunk lie anterior to this 
passageway and the great veins lie posterior 
to it. The sites of refiection of the venous 
opening surround several recesses known 
as the pericardial recesses. Between the infe¬ 
rior pulmonary veins, the inferior vena cava 
(BC8) and the posterior surface of the left 
atrium there is the large oblique pericardial 
sinus (B10). 

The pericardium is covered on its right and 
left sides by the pleura (Ail). Passing be¬ 
tween the pleura and pericardium, the 
pbrenic nerve (A12) runs bilaterally accom- 
panying the pericardiacophrenic artery 
(A13) and pericardiacophrenic vein. 

Blood supply and innervation. Arterial 
blood supply to the pericardium is mainly 
provided by the pericardiacophrenic artery 
(A13) which arises from the internai 
thoracic artery. Venous drainage runs via the 
pericardiacophrenic vein (A14) into the bra- 
chiocephalic vein. Innervation of the peri¬ 
cardium is provided by the phrenic nerve 
(A12), vagus nerve, and sympathetic trunk. 

Clinical note. Under pathological conditions, 
larger amounts of fiuid can collect in the peri¬ 
cardial recesses (pericardial effusion). Following 
fibrinous inflammation adhesions between lay¬ 
ers of the serous pericardium can form, poten- 
tially severely restricting motion of the heart. 

A rupture in the wall of the aorta can lead to a 
rapid outpouring of blood into the pericardial 
cavity, resulting in pericardial tamponade. 
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Position of the Heart and Cardiac 
Borders 

Mediastinum (A). The heart and peri- 
cardium are located in the mediastinum, a 
midline région of connective tissue in the 
thorax. The mediastinum is bounded 
cranially at the level of the superior thoracic 
aperture (Al ), where it becomes continuous 
with the viscéral space of the neck, and 
caudally by the diaphragm (A2). It extends 
from the posterior surface of the sternum 
(A3) to the anterior surface of the thoracic 
vertébral column (A4) in the sagittal plane, lts 
latéral boundary is formed by the médiasti¬ 
nal part of pariétal pleura. The mediastinum 
can be divided into the superior mediastinum 
(A red) and inferior mediastinum (A blue). The 
border between the superior and inferior 
mediastinum is determined by a transverse 
plane (A5) extending from the sternal angle. 
The superior mediastinum contains blood 
vessel and nerve pathways as well as the thy¬ 
mus (see p. 386). The inferior mediastinum is 
divided by the anterior and posterior wall of 
the pericardium into the anterior medi¬ 
astinum (blue-green), middle mediastinum 
(blue), and posterior mediastinum (dark 
blue). The anterior mediastinum is a narrow 
space filled with connective tissue between 
the anterior thoracic wall and the anterior 
surface of the pericardium. The middle me¬ 
diastinum contains the heart and peri¬ 
cardium. The posterior mediastinum ex¬ 
tends between the posterior wall of the per¬ 
icardium and the anterior surface of the 
thoracic vertébral column and contains 
large blood vessel and nerve pathways and 
the esophagus (see p. 176). 

Cardiac borders (B). In the living body, the 
heart and pericardium are separated only 
by a space containing a capillary layer, so 
that their contours largely conform to each 
other. For the purposes of describing their 
location, it is thus sufficient to limit discus¬ 
sion to the heart. 

Even in healthy individuals, the cardiac 
borders vary depending on âge, sex, and 
posture. The dimensions described in the 
following are based on the average adult. In 
its normal position, two-thirds of the heart 


lies on the left of the midline. The borders of 
the heart projecting toward the anterior 
thoracic wall form a trapezoid. The right 
border runs from the sternal attachment of 
the third rib to the connection to the 6th rib 
paralleling the right sternal border, and 
about 2 cm away from it. This line corre¬ 
sponds to the latéral profile of the right 
atrium. The continuation of this line 
cranially marks the right margin of the supe¬ 
rior vena cava, while its caudal continuation 
corresponds to the right margin of the infe¬ 
rior vena cava. The right border becomes 
continuous at the connection to the 6th rib 
with the contour formed by the right border 
and proceeds to the apex of the heart. The 
left border of the heart extends from its apex, 
located in the Fifth intercostal space about. 
2 cm médial to the midclavicular line, curv- 
ing with a left convexity, to a point located 
2 cm latéral to the attachment of the second 
rib. 

A portion of the heart is in direct contact 
with the anterior thoracic wall, i.e., the ster¬ 
num. Sternal percussion reveals an area of 
hypophonesis or absolute cardiac dullness. 
The pleural cavity (red) extends from either 
side in front of the heart, covering its latéral 
portions. Depending on the volume of air in 
the lung, a variable amount of lung tissue 
(blue) expands into the pleural cavity. Al- 
though the percussion Sound is clearer at 
this site than absolute cardiac dullness, it is 
not as résonant as over adjacent lung tissue. 
For this reason, the term relative cardiac dull¬ 
ness is used. This indicates the true size of 
the heart, with its area corresponding to the 
borders of the portion of the heart project¬ 
ing to the thoracic wall. 








Position of Heart and Cardiac Margins 33 



B Projection of margins ofthe heart, 
pleura, and lungs on thoracic cage 
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Cardiovascular System: Heart 


Radiographie Anatomy 

Conventional radiography of the thorax is 
part of basic diagnostic testing for heart dis- 
ease. The most common method is to visu- 
alize the heart on a chest radiograph (tele* 
radiography), obtaining a posteroanterior view 
with a parallel X-ray path (A). Oblique and 
latéral views supplément the posteroante¬ 
rior view. 

Posteroanterior View 

Most of the heart lies in the médiastinal 
shadow, produced mainly by the vertébral 
column, sternum, heart, and greatvessels. Lo- 
cated on either side of the médiastinal 
shadow are the lucent lung fields. The con¬ 
tours of the heart and vessels in the médi¬ 
astinal shadow normally consist of two cur- 
vatures on the rightand four on the left. 

Right side. Comparison of the radiographie 
image with the orientation of the heart pro- 
jecting toward the anterior thoracic wall 
(see p. 33 B) shows that the upper, flattened 
curvature is produced by the superior vena 
cava (Al ) and that the lower corresponds to 
the right atrium (A2). Deep inspiration can 
cause the inferior vena cava to also appear at 
the lower right border. 

Left side. The upper curvature on the left 
side of the heart is produced by the distal 
portion of the aortic arch (A3). Below the 
aortic arch, the pulmonary trunk (A4) pro¬ 
duces a variously shaped bulge in the médi¬ 
astinal shadow. Beneath this is a small and 
often barely distinguishable curve corre- 
sponding to the left auricle (A5). The lower 
curvature, which has a left convexity, forms 
the margin of the left ventricle (A6). 

Because the heart shadow is continuous 
caudally with that of the diaphragm (A7) 
and upper abdominal organs, it is difflcult to 
precisely discern its caudal margin. 

Auscultation 

Auscultation, or listening to heart sounds, 
can provide important information about 
cardiac function (see p. 42). Heart sounds 
are vibrations that are caused by the beating 


of the heart and transmitted to the thoracic 
wall. The first heart sound arises during the 
contraction phase of systole from vibrations of 
the ventricular wall. The second heart sound 
arises at the beginningofdiastole with closure 
of the semilunar cusps of the aorta and pul¬ 
monary trunk. Pathological heart sounds can 
be produced by stenosis or valvular insuffi- 
ciency. 

Generally, optimum auscultation sites for 
the heart valves (B) do not directly corre¬ 
spond to their surface projection on the 
anterior thoracic wall. Heart sounds or 
noises are best heard where the blood flow 
passing through the respective valve cornes 
closest to the thoracic wall. The following 
auscultation sites, derived from empirical 
knowledge, are thus located at some dis¬ 
tance to the valves: 

- aortic valve (B8) right second intercostal 
space near the sternum, 

pulmonary valve (B9) left second inter¬ 
costal space near the sternum, 
bicuspid valve (B10) midclavicular line in 
the left fïfth intercostal space, near the 
apex of the heart, and 

- tricuspid valve (Bll) caudal end of the 
body of the sternum at the level of the 
right fïfth intercostal space. 
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B Projection of heart valves on anterior thoracic wall 
and auscultation sites 
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Cardiovascular System: Heart 


Cross-Sectional Anatomy 

Conventional radiography of the heart is 
supplemented by cross-sectional imaging, 
made possible by modem imaging modali- 
ties such as computed tomography (CT), nu- 
clear magnetic résonance imaging (MRI), and 
ultrasound . The most commonly used imag¬ 
ing plane is the transverse plane, also referred 
to in clinical terms as the axial plane. Evalua¬ 
tion of sectional images proceeds from 
caudal with the patient lying in the supine 
position. On the imaged sections the verté¬ 
bral column, located posteriorly, is down and 
the thoracic skeleton, located anteriorly is 
up. Also, ali anatomie structures on the right 
side of the body are depicted on the left. The 
following section présents examples of 
three anatomie, nearly transverse imaging 
planes through the heart and great vessels 
from cranial to caudal. Imaging plane levels 
through the heart and thorax are marked in 
the illustration showing the position of the 
heart (A). 

Transverse Section through the Body at 
T6 (B) 

The image is through the bifurcation of the 
pulmonary trunk (Bl) into the right pulmo- 
nary artery (B2) and left pulmonary artery 
(B3). Anterior to the pulmonary trunk is 
subepicardial adipose tissue (B4) which ex- 
tends to the right as far as the section 
through the ascending aorta (B5). Anterior 
to the aorta and subepicardial adipose 
tissue is the pericardial cavity (B6), which 
appears somewhat widened in the section, 
bounded anteriorly by connective tissue 
and adipose tissue of the retrostemalfatpad 
(B7) and sternum (B8). On the right side of 
the ascending aorta the superior vena cava 
(B9) is seen. Between the aorta and superior 
vena cava lies the transverse pericardial 
sinus (B10). Posterior to the bifurcation of 
the pulmonary trunk are sections through 
the left (Bll) and right (B12) main bronchi. 
At the site of its ramification in the right 
lung (B13) the right main bronchus is ac- 
companied closely by a branch of the right 
pulmonary artery (B2) while the root of the 
right pulmonary vein (B14) runs at a greater 


distance from it. Accompanying the 
branches of the main bronchi are bron- 
chopulmonary lymph nodes (B15). Posterior 
to the main bronchi is the section through 
the esophagus (B16), which is accompanied 
on the right side of its posterior aspect by 
the azygos vein (B17) and on the left side of 
its posterior aspect by the descending aorta 
(B18). The descending aorta lies directly ad¬ 
jacent to the inferior lobe of the left lung 
(B19). 

B20 Thoracic duct 
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A Positions of transverse planes 
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B Transverse section at level of T6 
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Cross-Sectional Anatomy, cont. 

Transverse Section through the Body at 
T7(A) 

The image is through the aorta at the level of 
the semilunar cusps (Al). Anterior to the 
aorta, the outflow tract of the right ven- 
tricle, the conus arteriosus (A2) can be iden¬ 
tifiée!. Curving around the right side of the 
aorta is the auricle (A3) of the right atrium. 
On the left side in the subepicardial adipose 
tissue (A4) near the aorta a section of the left 
coronary artery (A5) and left auricle (A6) is 
seen. The posterior section of the heart is 
identified by the left atrium (A7) which is 
found in the smooth-walled area of the 
opening of the inferior pulmonary veins 
(A8). Lying posterior and in close proximity 
to the left atrium the esophagus (A9) is 
shown. 

A10 Branch of right pulmonary artery 
Ail Branch of left pulmonary artery 
Al2 Pericardial cavity 
Al3 Costal cartilage 
A14 Right lung 

Al 5 Right inferior pulmonary vein 

Al6 Azygos vein 

Al7 Descending aorta 

A18 Left lung 

Al 9 Right lobar bronchus 

A20 Left lobar bronchus 

A31 Thoracic duct 

Transverse Section at the Level of T8 (B) 

The image is through ail four chambers of 
the heart at the level of the inflow tracts 
through the atrioventricular valves. The left 
ventricle (B21) forms the apex of the heart 
(B22), which on the image appears to be 
directed upward and to the right. The sec¬ 
tions through the left and right ventricle 
(B23) are easily distinguished by the vary- 
ing myocardial thickness of the ventricles. 
On sections through the subepicardial 
adipose tissue (B4) the right coronary artery 
(B24) and left coronary artery (B5) can be 
identified. The anterior cusp of the tricuspid 
valve (B25) projects into the inflow tract of 
the right ventricle, and the anterior cusp of 
the bicuspid valve (B26) into the inflow tract 
of the left ventricle. The strong, anterior 


papillary muscle group (B27) can also be 
identified in the left ventricle. The inter¬ 
atrial septum (B28) can be identified be- 
tween the two atria, and the interventricular 
septum (B29) between the two ventricles. 
The close proximity of the left atrium to the 
esophagus (B9) is depicted again. The de¬ 
scending aorta (B17) lies on the left side of 
the esophagus along its posterior aspect. 
The azygos vein (B16) is seen directly ante¬ 
rior to the vertebra. 

B10 Branch of right pulmonary artery 
Bll Branch of left pulmonary artery 
B12 Pericardial cavity (oblique sinus) 

B14 Right lung 

B15 Right inferior pulmonary vein 

B17 Descending aorta 

B18 Left lung 

B19 Right lobar bronchus 

B20 Left lobar bronchus 

B30 Right atrium 

B31 Thoracic duct 
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Cardiovascular System: Heart 


Cross-Sectional Echocardiography 

Echocardiography, or ultrasound examina¬ 
tion of the heart, produces écho signais con- 
taining information that can be processed 
and displayed in various ways. Two-dimen- 
sional (2-D) echocardiography obtains pictures 
from different levels of the patient’s heart 
and vessels in real-time, instantaneous 
sectional images. Ultrasound waves travel 
poorly through bone and are virtually un- 
able to penetrate air, limiting direct access 
to the heart in the bony thorax to a few 
acoustic Windows for ultrasound examina¬ 
tion. Common examinations use parasternal 
(I), apical (II), subcostal (III), and suprastemal 
Windows (IV). Because the ultrasound trans- 
ducer can be flexibly manipulated in 
various positions within a single acoustic 
window, the planes of 2-D echocardiogra¬ 
phy can differ considerably from common 
transverse examination planes applied in 
other cross-sectional imaging techniques. 

Four-chamber view (A). The four-chamber 
view can be obtained from an apical or sub¬ 
costal transducer position. This plane runs 
nearly parallel to the anterior and posterior 
wall of the heart through the inflow tract of 
both ventricles so that ail four chambers of 
the heart are imaged simultaneously. The 
left atrium (Al ) and left ventricle (A2) are on 
the right side of the image, the apex of the 
heart (A3) at the top, and the right atrium 
(A4) and right ventricle (A5) are on the left 
side of the image. Additionally, the inter¬ 
atrial septum (A6) and interventricular sep¬ 
tum (A7) as well as inflow tracts through the 
bicuspid (A8) and tricuspid valves (A9) are 
visualized. The ventricles can be readily dis- 
tinguished as the myocardium of the left 
ventricle is much thicker than that of the 
right. In addition, in the left ventricle, the 
anterior (A10) and posterior (Ail) papillary 
muscles are readily visible. The most impor¬ 
tant feature of this plane is the ability to 
visualize the changing position of the bi¬ 
cuspid and tricuspid valves relative to the 
membranous part of the septum . In this im¬ 
aging plane, the tricuspid valve is located 
higher, i.e., originating doser to the apex of 
the heart, than the bicuspid valve, with part 


of the membranous septum, the atrio- 
ventricular septum (A12), separating the 
right atrium and left ventricle. 

Clinical note. The four-chamber view is impor¬ 
tant for diagnosing congénital heart disease. It is 
also useful for evaluating the mitral valve, es- 
pecially the posterior cusp. 

Apical long-axis plane (B). This scan plane 
is obtained from the apical window for imag¬ 
ing the apical région ofthe left ventricle (B2), 
which is directed upward and to the left. 
The inflow tract from the left atrium (B1 ) to 
the apex of the heart, induding the bicuspid 
valve (B8), as well as the outflow tract from 
the apex of the heart to the aortic valve 
(B13) are depicted. In front of the aorta 
(B15) is the outflow tract ofthe right ventriclë 
(B5). In the left ventricle the anterior cusp 
(B14) of the bicuspid valve can be identified. 
The semilunar cusps (B13) of the aorta are 
also visible when the valve is closed. The 
section shows how the anterior cusp ofthe 
mitral valve séparâtes the inflow and out¬ 
flow tracts of the left ventricle. 

Clinical note. The importance of the apical 
long-axis view lies in its potential for assessing 
the function of the apical région of the heart, es- 
pecially following myocardial infarction. 
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A Anatomical section 
corresponding to échocardiographie 
four-chamberview 


B Anatomical section 
corresponding to échocardiographie 
apical long-axis view 
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Cardiovascular System: Heart 


Functions of the Heart 
Cardiac Cycle 

The heartbeat consists of a two-phase car¬ 
diac cycle, systole and diastole, continu- 
ously repeated throughout life. The ven- 
tricles eject blood intermittently into the 
aorta and pulmonary trunk. In systole the 
ventricles decrease in width and length, the 
valvular plane is displaced toward the apex 
of the heart, and the atria expand (A). In di¬ 
astole the ventricles increase in length and 
width, the valvular plane is displaced 
toward the base of the heart, and the atria 
contract (B). The volume of blood ejected 
during systole from the right or left ven- 
tricle (70 ml each) is the stroke volume. 
Proper functioning of the heart’s pumping 
action relies on the intact coupling of the 
conducting System of the heart to the work- 
ing myocardium. (For further information 
please see textbooks of physiology.) 

Systole. Contraction of the myocardium at 
the beginning of systole produces a rapid in¬ 
crease in pressure in the ventricles. Both the 
atrioventricular valves and semilunar cusps 
of the arteries are initially closed so that the 
volume of blood in the ventricles remains 
unchanged in what is termed isovolumetric 
contraction (C). Once the pressure in the ven¬ 
tricles exceeds that in the aorta and pulmo¬ 
nary trunk, the arterial valves open and the 
éjection phase (D) begins. During this phase a 
portion of blood, the stroke volume, is 
ejected from the ventricles into the arteries. 
During the éjection phase the valvular plane 
(Dl), along with the atrioventricular valves, 
is drawn toward the apex ofthe heart (D2). 
This causes the atria to expand with a suc- 
tion effect on venous blood from the venae 
cavae. 

Diastole. After blood is ejected during the 
éjection phase, the ventricular myocardium 
relaxes and there is a rapid decrease in pres¬ 
sure. The pressure in the aorta and pulmo¬ 
nary trunk causes their valves to close in 
what is termed the isovolumetric relaxation 
phase (E). The valvular plane (El ) returns to 
its original position. Once ventricular pres¬ 
sure fails below that of the atria, the atrio¬ 


ventricular valves open, resulting in passive 
inflow of blood from the atria into the ven¬ 
tricles in what is known as the passive 
ventricular filling phase (F). Already during 
ventricular diastole, the atrial musculature 
contracts, actively forcing a small amount of 
atrial blood into the ventricles at the end of 
ventricular filling. 

During systole the coronary arteries are 
strongly compressed by contraction of the 
ventricular muscle. Nutrient blood supply 
to the myocardium, especially to the left 
ventricle, occurs only during diastole. 
During systole, the coronary veins empty. 

Endocrine Function ofthe Heart 

The stretch-sensitive atria, especially the 
right auricle, contain highly differentiated 
hormone-producing endocrine myocardial 
cells that produce the atrial natriuretic peptide 
(ANP or cardiodilatin) (see p. 362). This hor¬ 
mone régulâtes vascular tone as well as 
sodium and water excrétion from the kid- 
neys. Atrial détention is an adéquate stimu¬ 
lation for its release. 
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A Position of heart in thorax during systole 


B Position of heart in thorax during diastole 


C Systole, contraction phase 


E Diastole, relaxation phase 


F Diastole, filling phase 


Cardiovascular System 









Cardiovascutar System 


44 


Cardiovascular System: Arterial System 


Arterial System 

Aorta 

The aorta arises from the left ventricle of the 
heart and initially ascends behind the pul- 
monary trunk to the right. The ascending 
aorta (I) then curves to form the aortic arch 
(II), continues posteriorly over the root of 
the left lung and, after reaching the level of 
T4, descends on the left side of the anterior 
aspect of the vertébral column as the de- 
scending aorta (111). 

Ail arteries of the systemic circulation arise 
directly or indirectly from the aorta. The fol- 
lowing branches arise directly from the 
aorta: 

Ascending aorta. This gives rise to the right 
and left coronary arteries as the first branches 
ofthe aorta (seep. 22). 

Aortic arch. This gives rise to the great ves- 
sels supplying the head, neck and arms. The 
first branch arises on the right side as the 
2-3 cm long brachiocephalic trunk (Al ). It as¬ 
cends obliquely to the right over the trachea 
and divides into the right subclavian artery 
(A2) and right common carotid artery (A3). 
Along the left side of the mediastinum the 
left common carotid artery (A4) and left sub¬ 
clavian artery (A5) emerge from the aortic 
arch. 

Descendlng Aorta 

Distal to the origin of the left subclavian 
artery, the aorta tapers slightly to become 
the aortic isthmus (A6), forming the junction 
with the descending aorta. The descending 
aorta can be divided into the thoracic aorta 
(111 a), which extends as far as the aortic hia¬ 
tus of the diaphragm, and the abdominal 
aorta (111 b), which begins at the aortic hiatus 
of the diaphragm and extends as far as the 
aortic bifurcation at the level of L4. 

Thoracic aorta. The thoracic aorta gives rise 
to pariétal branches segmentally that pass as 
the posterior intercostal arteries (A7) to the in¬ 
tercostal spaces 3-11 as well as numerous 
branches that supply the body wall and spi¬ 
nal cord and its méningés. The subcostal 
artery runs below the 12th rib. hence its 
name. 


Smaller, viscéral branches include the bronchi¬ 
al branches, which branch off at the level of 
the trachéal bifurcation, and the esophageal 
branches, which arise further distally. The 
médiastinal branches pass to the posterior 
mediastinum and the pericardial branches 
pass to the posterior aspect of the peri- 
cardium. The superior phrenic arteries are 
derived from the inferior portion of the 
thoracic aorta and are distributed to the dia¬ 
phragm. 

Abdominal aorta. The following pariétal 
branches are given off by the abdominal 
aorta: the inferior phrenic artery (A8), which 
arises directly below the diaphragm and 
gives rise to the superior suprarénal arteries 
(A9): the lumbar arteries (A10), four pairs of 
segmentai arteries which are in a sériés 
with the intercostal arteries; and the un- 
paired médian sacral artery (Ail), a small, 
thin blood vessel that forms the caudal con¬ 
tinuation ofthe aorta. 

The viscéral branches include the celiac trunk 
(A12), the common trunk at the level ofT12, 
from which the left gastric artery (A13), 
common hepatic artery (A14), and splenic 
artery (A15) arise. Originating about 1cm 
distal to the celiac trunk is another unpaired 
trunk, the superior mesenteric artery (A16). 
Arising at some distance is the inferior 
mesenteric artery (A17), emerging at the level 
of L3-4. Arising from the aorta as paired 
viscéral branches, the middle suprarénal 
artery, rénal artery (A18), and ovarian or testic- 
ular artery (A19) branch off in that order. 

At the aortic bifurcation (A20) at the level of 
L4, the aorta divides into the common iliac 
arteries (A21 ), which bifurcate at the level of 
the sacroiliac joint into the external iliac 
artery (A22) and internai iliac artery (A23). 

Cllnical note. During embryonic development 
numerous variations involving the aortic arch 
can arise. The right subclavian artery. for ex¬ 
ample. can emerge before the end of the aortic 
arch and pass behind the esophagus to the 
right side as the arteria lusoria. In 10% the thy- 
roid ima artery arises from the aortic arch and 
ascends to the thyroid gland. 
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Cardiovascular System: Arteries of Head and Neck 


Arteries of the Head and Neck 

Common Carotid Artery 

The right common carotid artery (Al ), origi- 
nating from the brachiocephalic trunk (A2), 
and the left common carotid artery, arising 
directly from the aortic arch , ascend a long 
either side of the trachea and larynx, 
without giving off any branches. 

Together with the internai jugular vein and vagus 
nerve, the common carotid artery forms the neu- 
rovascular bundleof the neck which is enclosed in its 
own connective tissue sheath. Its inferior portion 
is covered by the sternocleidomastoid. About 
midway along the neurovascular bundle, the 
common carotid artery passes to a nonmuscular 
triangle known as the carotid triangle (Vol. 1, p. 
362), where it is covered only by skin, platysma, 
and superficial cervical fascia. At the level of C6 
the common carotid artery can be compressed 
against the thick anterior tubercle, the carotid 
tuberde (A3), and may be compromised. 

At the level of C4 the common carotid artery 
divides into the external carotid artery (A4) 
and the internai carotid artery (A5). The bifur¬ 
cation of the common carotid artery (B) is 
dilated to form the carotid sinus (B6), which 
has numerous receptors that monitor 
changes in blood pressure. Also located at 
the bifurcation is a chemoreceptor organ, 
the carotid body (B7) that responds to oxy- 
gen content of the blood. The internai 
carotid artery ascends to the interior of the 
cranium without giving off any branches. 
The external carotid artery distributes 
branches to the neck, face, and head. 

External Carotid Artery 
Anterior Branches 

Superior thyroid artery (AC8). This arises 
at the level of the hyoid bone as the first 
anterior branch of the external carotid 
artery and curves downward to the anterior 
surface of the thyroid gland, supplying parts 
of it. lt also gives off a branch, the superior 
laiyngeal artery (AC9), that pierces the thy- 
rohyoid membrane to supply parts of the 
larynx. Smaller branches help supply the 
muscles in the surrounding région. 

Lingual artery (AC10). This arises near the 
greater horn of the hyoid bone as the second 


anterior branch. It runs under the hyoglos- 
sus to the tongue where it gives rise to the 
sublingual artery (Cil), which runs anteri- 
orly and inferforly, sending a terminal 
branch, the deep lingual artery (C12), to the 
tip ofthe tongue. 

Facial artery (AC13). This branches off just 
above the lingual artery and initially lies 
médial to the mandibie and then Crossing 
over the margin of the mandibie before the 
insertion of the masseter. At this site, the 
puise of the facial artery can be palpated 
and the artery can be compromised. The fa¬ 
cial artery then follows a tortuous course 
and ascends to the médial angle ofthe eye, 
which it reaches with its terminal branch, 
the angular artery (A14). Additional 
branches include the ascending palatine 
artery (A15), submental artery (A16), inferior 
labial branch (A17), and superior labial 
branch (A18). The terminal branch ofthe fa¬ 
cial artery anastomoses with the ophthalmic 
artery (see p. 50). 

Médial, Posterior, and Terminal Branches 

Ascending pharyngeal artery (A19). This 
arises inedi al ly from the external carotid 
artery above the superior thyroid artery and 
ascends along the latéral wail of the 
pharynx to the cranial base. Major branches 
include the posterior meningeal artery and 
inferior tympanic arteiy. 

Occipital artery (A20). This arises posteri- 
orly and travels in the occipital groove mé¬ 
dial to the mastoid process (A21) to reach 
the occiput. 

Posterior auricular artery (A22). The 
highest posterior branch, this lies between 
the mastoid process and auricle. Major 
branches are the stylomastoid artery and 
posterior tympanic artery . 

Terminal branches. These are the superficial 
temporal artery (A23), which divides in the 
temporal région into the frontal branch 
(A24) and pariétal branch (A25) and also 
gives rise to larger branches, the transverse 
facial arteiy (A26) and zygomatico-orbital 
artery (A27) and the largest terminal 
branch, the maxillary artery (A28), which 
supplies the deep facial régions see p. 48). 
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A Common carotid artery 
and branches of external 
carotid artery 
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C Lingual artery 
with branches 


B Carotid bifurcation 
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Cardiovascular System: Arteries of Head and Neck 


Max il la ry Artery 

The largest terminal branch of the extemal 
carotid artery (A2), the maxillary artery 
(A-C1) arises below the temporomandibu- 
lar joint and turns posterior to the neck of 
the mandible (A3) to travel to the deep struc¬ 
tures of the face. There it courses between 
the masticatory muscles and ascends toward 
the pterygopalatine fossa (A4). 

The course of the maxillary artery can be 
divided into three parts: 

- the first or mandibular portion (I) passes 
horizontally behind the neck of the 
mandible, 

- the second or pterygoid portion (II), as¬ 
cends obliquely at a variable position 
relative to the masticatory muscles, 
supplying, in particular, the latéral pter¬ 
ygoid, 

- the third or pterygomaxillary portion (III), 
continues to climb, and passes through 
the pterygomaxillary fissure to enter 
the pterygopalatine fossa. 

Similarly, the branches of the maxillary 
artery can be divided into three groups: 

Mandibular group. Arising from the first 
portion of the artery are the deep auricular 
artery (AS), which passes to the temporo- 
mandibular joint and external acoustic 
meatus as well as the anterior tympanic artery 
(A6), which passes to the tympanic cavity. 
The inferior alveolar artery (A7) branches off 
caudally. Before entering the mandibular 
canal (A8) it gives rise to the mylohyoid 
branch (A9). The inferior alveolar artery 
supplies the teeth, bone, and soft tissues of 
the mandible. It terminâtes as the mental 
branch (A10) which exits through the men¬ 
tal foramen and travels beneath the skin of 
the chin. 

The middle meningeal artery (Ail ) is a large, 
ascending branch that arises from the first 
part of the maxillary artery. It passes 
through the foramen spinosum to the 
cranial cavity where it gives rise to the fron¬ 
tal branch (Ail a) and pariétal branch (Ail 
b). The middle meningeal artery is the 
largest artery supplying the dura mater. It 


distributes numerous smaller vessels in- 
cluding the superior tympanic artery which 
supplies the tympanic cavity. 

Pterygoid group. The arteries supplying the 
masticatory muscles arise from the second 
portion of the maxillary artery. These are 
the masseteric artery (A12), anterior deep 
temporal artery (A13), posterior deep tem¬ 
poral artery (A14), and pterygoid branches. 
The buccal artery (A15) passes to the buccal 
mucosa. 

Pterygomaxillary group. The branches 
given off by the third portion travel in ail 
directions. The posterior superior alveolar 
artery (A16) enters the maxiila and maxil¬ 
lary sinus and terminâtes as the dental 
branches and peridental branches, which 
supply the back teeth. The infraorbital artery 
(A17) passes forward through the inferior 
orbital fissure to the orbit where is travels 
along the floor of the orbit in the infraorbital 
canal and passes through the infraorbital 
foramen (A18) to supply the face. In the 
course of the artery it distributes the ante¬ 
rior superior alveolar arteries (A19) to the 
front teeth, which give off the dental and 
peridental branches. The descending palatine 
artery (A-C20) arises caudally and passes 
forward as the greater palatine artery (B22) 
through the greater palatine canal (B21). 
The lesser palatine arteries are derived 
directly from the descending palatine 
artery. The artery of pterygoid canal passes 
backward through the pterygoid canal to 
the auditory tube and pharynx. The spheno- 
palatineartery (A-C23) can be considered the 
terminal branch of the maxillary artery. It 
passes through the sphenopalatine foramen 
to the nasal cavity where it branches into 
the posterior latéral nasal arteries (B24) and 
posterior septal branches (C25). 

For topography and anatomie variants of the max¬ 
illary artery see Vol. 1. p. 342. 
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A Course of maxillary artery 
with branches 


C Branches of maxillary artery 
to nasal septum 
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B Branches of maxillary artery to nasal wall 
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Cardiovascular System: Arteries of Head and Neck 


Internai Carotid Artery 

The internai carotid artery can be divided 
into four portions based on its course (A): 

Cervical part (I). The cervical part of the in¬ 
ternai carotid artery begins at the carotid bi¬ 
furcation (Al) and proceeds to the dorso- 
lateral wall of the pharynx, usually without 
giving off any branches. It accompanies the 
vagus nerve and internai jugular vein to the 
external surface of the cranial base, where it 
enters the bone through the external open- 
ing of the carotid canal. 

Petrous part (II). The portion of the internai 
carotid artery that travels in the bony canal 
is known as the petrous part. This part flrst 
ascends in the canal, then curves antero- 
medially (carotid knee ) and ascends into the 
cranial cavity. Important branches of the 
petrous part of the internai carotid artery 
include the caroticotympanic arteries which 
pass to the tympanic cavity. 

Cavernous part (III). The cavernous part of 
the internai carotid artery lies in the 
cavernous sinus and normally has two 
vascular arches. The vascular arch located 
near the anterior clinoid process has a pro- 
nounced anterior convexity. Together with 
the initial portion of the cérébral part of the 
internai carotid artery, it forms the carotid 
syphon (A2). The branches of the cavernous 
part supply the surrounding dura mater, 
trigeminal ganglion, and, via the inferior hy- 
pophysial artery, the neurohypophysis. 

Cérébral part (IV). The cérébral part of the 
internai carotid artery begins médial to the 
anterior clinoid process, where the vessel 
perforâtes the dura mater. The First branch 
is the ophthalmic artery (B3), which travels 
with the optic nerve into the orbit where it 
sends branches to the eye, extraocular 
muscles, and accessory Visual structures 
(Vol. 3, p. 346). The cérébral part of the in¬ 
ternai carotid artery typically gives lise to 
the posterior communicating artery (B4) pos- 
teriorly which connects to branches of the 
vertébral artery (B5) (see below). The next 
branch is the anterior choroidal artery. The in¬ 
ternai carotid artery divides into two thick 
terminal branches, the anterior cérébral artery 


(B6) and middle cérébral artery (B7), each of 
which supplies large portions of the telen- 
cephalon (additional branches and régions 
supplied by these vessels are described in 
Vol. 3, p. 272). 

Cérébral Arterial Circle 

The anterior cérébral arteries are connected 
with each other via the anterior communicat¬ 
ing artery (B8). The posterior communicating 
artery (B4) connects the internai carotid 
artery on either side with vessels fed by the 
vertébral arteries (B5) to form the cérébral 
arterial circle (circle ofWillis), a ringof arteries 
that form a closed circuit around the sella 
turcica at the cranial base and supply the 
brain. 

The posterior portion of the arterial circle 
fed by the vertébral artery is formed as fol- 
lows: contributing to it from either side is a 
vertébral artery which originates from the 
subclavian artery (see p. 52) and passes 
through the foramen magnum into the 
cranial cavity. The two vertébral arteries 
unité to form the basilar artery (B9), a large 
trunk lying on the clivus. The basilar artery 
gives rise to the arteries that supply the in¬ 
ternai ear and cerebellum , as well as the pos¬ 
terior cérébral artery (B10). (Additional 
branches and régions supplied by the arte¬ 
rial circle are described in Vol. 3, p. 270.) 

Branches of the vertébral artery: 

Bll Posterior spinal artery 
B12 Anterior spinal artery 
B13 Posterior inferior cerebellar artery 

Branches of the basilar artery: 

B14 Anterior inferior cerebellar artery 

B15 Labyrinthine artery 

B16 Superior cerebellar artery 
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Subdavian Artery 

On the right side, the subdavian artery (Al) 
arises from the brachiocephalic trunk and on 
the left directly from the aortic arch. lt can 
be divided into three parts based on its rela¬ 
tion to the anterior scalene (A2) muscle: the 
first portion (I) extends from the origin of the 
vessel to the médial margin of the muscle; 
the second portion (II) lies posterior to the 
muscle; and the third portion (III) extends 
from the latéral margin of the anterior 
scalene to the inferior border of the first rib. 
From that point onward it is known as the 
axillaty artery. 

The subdavian artery gives rise to the fol- 
lowing large branches: 

Vertébral artery (A3). The vertébral artery 
arises from the posterior and superior part 
of the vessel. From the level of C6 onward, it 
usually ascends through the foramina in 
each of the transverse processes. It curves 
medially on the arch of the atlas and passes 
through the foramen magnum into the 
cranial cavity where it unités with the 
vertébral artery from the opposite side to 
form the basilar artery . The segments of the 
vertébral artery are divided with regard to 
their course into the prevertebral part (A3 a). 
cervical part (A3 b), atlantic part (A3 c), and 
intracranial part (A3d) (see p. 50 and Vol. 3, 
P- 272). 

Internai thoracic artery (AB4). The internai 
thoracic artery passes downward and for- 
ward to the posterior surface of the first 
costal cartilage and descends parallel to the 
latéral border of the sternum about 1 cm 
away from it. It gives rise to the anterior in¬ 
tercostal branches (A5) which extend toward 
the diaphragm, and also supplies branches 
to adjacent structures. Other branches in- 
clude the pericardiacophrenic artery which 
supplies the pericardium and diaphragm, as 
well as the musculophrenic artery which sup¬ 
plies the diaphragm. The terminal branch or 
prolongation of the internai thoracic artery 
(B) is the superior epigastric artery, which 
after passing through the diaphragm enters 
the rectus sheath. It supplies the abdominal 
muscles and anastomoses with the inferior 


epigastric artery which arises from the ex- 
ternal iliac artery. 

Thyrocervical trunk (A6). The thyrocervi- 
cal trunk usually arises from the anterior 
and superior part of the vessel and is the 
common trunk formed by three larger ves- 
sels: the inferior thyroid artery (A7) first as¬ 
cends, then proceeds medially to reach the 
posterior side of the thyroid gland, which it 
supplies along with the pharynx, esoph- 
agus, trachea, and parts of the larynx (via 
the inferior laryngeal artery ). The ascending 
cervical artery (A8), a small ascending 
branch, is also usually derived from the infe¬ 
rior thyroid artery. 

The suprascapular artery (A9) passes laterally 
and posteriorly to enter the supraspinous 
fossa above the superior transverse liga¬ 
ment of the scapula. lt continues around the 
neck of the scapula, where it usually anasto¬ 
moses with the circumflex scapular artery (a 
branch of the subscapular artery, p. 54). 

The transverse cervical artery (A10) travels 
transversely across the neck, passing be- 
tween the nerves forming the brachial 
plexus. Its origin, branching pattern, and 
course are highly variable. 

The posterior scapular artery (Ail) arises 
either as an independent vessel directly 
from the subdavian artery or from the deep 
branch of the transverse cervical artery. lt 
passes to the levator scapulae. 

Costocervical trunk (A12). The costocervi- 
cal trunk arches posteriorly and caudally 
and gives rise to the suprême intercostal artery 
(A13), which runs anteriorly to form the 
common origin for the two first intercostal 
arteries, as well as the deep cervical artery 
(A14), which passes posteriorly to the 
muscles of the neck. 

Clinical note. The subdavian artery can be 
constricted in the scalene, particularly in 
patients with a cervical rib. Certain move- 
ments compromise blood flow through the 
vessel resulting in symptoms involving the 
arm and shoulder régions. This is known as 
scalenus syndrome. 
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Arteries of the Shoulder and 
Upper Limb 

Axîllary Artery 

The axillary artery (Al) passes as the con¬ 
tinuation of the subclavian artery from the 
inferior border of the first rib to the inferior 
border of the pectoralis major or tendon of 
the latissimus dorsi (A2 a). It is covered on 
its anterior side by the pectoralis minor (A2 
b) and pectoralis major. 

Arising from the first part of the axillary 
artery is the variable superior thoracic artery 
(A3), which supplies the surrounding mus¬ 
cles. Distal to this vessel short trunk called 
the thoracoacromial artery (A4) arises and 
divides into numerous branches which pass 
in ail directions, forming the acromial anas- 
tomosis , a network of arteries near the 
acromion. 

The latéral thoracic artery (A5) runs along the 
latéral thoracic wall. lt is thicker in women 
because it contributes blood to the mam- 
mary glands. 

The subscapular artery (A6) arises as a thick 
vessel at the latéral border of the subscapu- 
laris. It divides into the circumflex scapular 
artery (A7), which passes through the tri- 
angular (médial) space between the teres 
major and minor muscles to the infra- 
spinous fossa and anastomoses with the su- 
prascapular artery (see p. 52 and Vol. 1, p. 
374) and posterior artery (A8), which ac- 
companies the thoracoposterior nerve to 
the latissimus dorsi (A2 a). 

The anterior circumflex humerai artery (A9) 
springs from the latéral aspect of the axil¬ 
lary artery and passes anteriorly around the 
surgical neck of the humérus. The thicker 
posterior circumflex humerai artery (A10) 
passes posteriorly through the quadrangu- 
lar (latéral) space between the teres major 
and minor muscles (Vol. 1, p. 374) and sup¬ 
plies the shoulder joint and surrounding 
muscles. 

Brachial Artery 

The brachial artery (Ail) is the continuation 
ofthe axillary artery from the inferior border 
of the pectoralis major to its division into 


the arteries of the forearm (terminai 
branches: ulnar artery and common interos- 
seous artery ). Its puise is palpable in the mé¬ 
dial bicipital groove, where it can be com- 
pressed against the humérus in an emer- 
gency. Its branches mainly supply the 
humérus, forming part of the cubital anasto- 
mosis, a vascular plexus around the elbow 
joint. 

The deep artery of arm (Al2) passes posteri¬ 
orly to the humerai shaft. Among the 
branches given off by the vessel are the mé¬ 
dial collateral artery and radial collateral 
artery which pass to the cubital anastomo- 
sis. 

The superior ulnar collateral artery (A13) arises 
distal to the origin of the deep artery of the 
arm. lt runs alongside the ulnar nerve. 

The inferior ulnar collateral artery (A14) arises 
more distally, above the médial épicondyle. 
Anatomical variations of the axillary and 
brachial arteries are common. 

Cubital Anastomosis 

Encircling the elbow joint is a vascular 
plexus that is formed by anastomoses be¬ 
tween numerous arteries. 

The cubital anastomosis is formed by de* 
scending branches that arise from the deep 
artery of the arm and the brachial artery (see 
above), i.e., the superior ulnar collateral 
artery (A13), inferior ulnar collateral artery 
(A14), radial collateral artery (A15), and mé¬ 
dial collateral artery (A16). Also contributing 
to its formation are ascendingbranches (see p. 
56) derived from the arteries of the forearm, 
i.e., the radial artery (A17) and ulnar artery 
(A18), which pass as récurrent vessels to the 
arterial plexus: the radial récurrent artery 
(A19), ulnar récurrent artery (A20), and ré¬ 
current interosseous artery (A21). 

Clinical note. The cubital anastomosis permits 
ligature of the brachial artery distal to the 
origin of the deep artery of the arm. A patent 
cubital anastomosis also permits removal of a 
distal portion of a forearm artery (e.g., radial 
artery) for use as a graft, as collateral circula¬ 
tion is provided along récurrent vessels via the 
second large artery of the forearm (ulnar 
artery). 
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Cardiovascular System: Arteries of Shoulder and Upper Limb 


Radial Artery 

Continuing in the same direction as the 
brachial artery (Al ) is the radial artery (A2). 
The radial artery continues in the same 
direction of the brachial artery which runs 
along the radius, lts proximal portion lies 
between the pronator teres and bra- 
chioradialis and its distal portion between 
the tendons of the brachioradialis and flexor 
carpi radialis, where its puise can be pal- 
pated. lt turns posteriorly and passes be¬ 
tween the first two metacarpals to reach the 
palm of the hand (see below). 

The most important branches of the radial 
artery are: 

The radial récurrent artery (A3) passes as a ré¬ 
current vessel to the cubital anastomosis 
(see p. 54). 

The superficial palmar branch (A4) passes to 
the superficial palmar arch (A5) (see below). 

The palmar carpal branch (A6 a) passes to the 
palmar carpal arch, a vascular plexus on the 
palmar side of the wrist. 

The posterior carpal branch (B7 a) passes to 
the posterior carpal arch (B), a vascular 
plexus on the posterior side of the wrist. 

The princeps pollicis artery (A8) arises from 
the radial artery during its course through 
the first posterior interosseous and passes 
to the flexor surface of the thumb. 

The radialis indicis artery (A9) arises either 
directly from the radial artery or from the 
princeps pollicis artery and passes to the 
radial side of the index fïnger. 

The deep palmar arch (A10) forms the con¬ 
tinuation of the radial artery and lies 
beneath the long flexor tendons (see Vol. 1, 
p. 390) on the bases of the metacarpals. It 
forms anastomoses with the deep palmar 
branch of the ulnar artery (see below). 

Ulnar Artery 

The ulnar artery (Ail) is the larger of the 
two arteries of the forearm. It initially runs 
deep to the pronator teres and then accom- 
panies the flexor carpi ulnaris. 


lt gives rise to the following branches: 

The ulnar récurrent artery (A12) passes as a 
récurrent vessel to the cubital anastomosis. 

The common interosseous artery (A13) arises 
embryologically as one of the terminal 
branches of the brachial artery. lt divides 
into the posterior interosseous artery (A14), 
récurrent interosseous artery (A15), and 
anterior interosseous artery (A16). 

The palmar carpal branch (A6 b) arises from 
the distal portion of the vessel and passes to 
the palmar carpal arch. 

The posterior carpal branch (AB7 b) passes to 
the posterior carpal arch. 

The deep palmar branch (A17) passes to the 
deep palmar arch. 

The superficial palmar arch (A5) is the true 
terminal branch of the ulnar artery. lt lies 
between the palmar aponeurosis and the 
long flexor tendons, and anastomoses with 
the superficial palmar branch (A4) of the 
radial artery. 

Vascular Arches of the Hand 

Deep palmar arch. This consists of the ter¬ 
minal branch of the radial artery and the deep 
palmar branch of the ulnar artery. lt is mainly 
fed by the radial artery and gives rise to 3-4 
thin vessels, the palmar metacarpal arteries 
(A18), which pass to the interdigital spaces, 
as well as the perforating branches which 
pass to the dorsum of the hand. 

Superficial palmar arch. The superficial 
palmar arch consists of the terminal branch of 
the ulnar artery and the superficial palmar 
branch of the radial artery. lt is mainly fed by 
the ulnar artery and gives rise to three com¬ 
mon palmar digital arteries (A19), each of 
which sends two proper palmar digital ar¬ 
teries (AC20) to the radial and ulnar sides of 
the flexor surfaces of the fingers. 

Posterior carpal arch (B). The dorsum of 
the hand is supplied by the posterior carpal 
branch of the radial artery (B7 a), which forms 
a vascular plexus with the posterior carpal 
branch of the ulnar artery (B7 b). The plexus 
gives rise to four posterior metacarpal arter¬ 
ies (B21 ), each of which sends two posterior 
digital arteries (BC22) to the fingers. 
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Cardiovascular System: Arteries of Pelvis and Lower Limb 


Arteries of the Pelvis and Lower 
Limb 

The aorta (Al ) divides in front of L4 into two 
large trunks known as the common iliac 
arteries (A2). They pass on either side 
toward the plane of the pelvic inlet without 
giving off any significant branches and 
divide in front ofthe sacroiliac joint into the 
internai iliac artery (AC3) and external iliac 
artery (AC4). 

Internai Iliac Artery 

The internai iliac artery enters the lesser 
pelvis and ramifies at the level of the greater 
sciatic foramen, usually into two trunks 
with pariétal branches to the wall of the lesser 
pelvis and viscéral branches to the pelvic 
viscera. Its branches are highly variable. 
Major branches are: 

Pariétal Branches 

The iliolumbar artery (A5) passes below the 
psoas major into the iliac fossa and gives 
rise to an i/iacus branch which communi- 
cates with the deep circumflex iliac artery of 
the external iliac artery. 

The latéral sacral arteries (A6) descend along 
the latéral portion of the sacrum, sending 
spinal branches to the sacral canal. 

The obturator artery (A7) passes anteriorly 
along the latéral wall of the pelvis, exits the 
pelvis through the obturator canal and 
passes with the anterior branch to the ad- 
ductors of the thigh. It gives rise to a pubic 
branch which anastomoses with the inferior 
epigastric artery (A24). The acetabular 
branch passes through the ligament of the 
head of the fémur to the head to of the 
femuranda posterior branch passes to the 
deep outer hip muscles. 

The superior gluteal artery (AB8) is the thick- 
est branch. It passes above the piriformis 
(suprapiriform foramen) to the gluteal 
muscles, which it supplies via a superficial 
branch and deep branch. 

The inferior gluteal artery (AB9) passes below 
the piriformis (infrapiriform foramen) to 
the surrounding muscles. It gives rise to the 
artery to sciatic nerve (A10), which accom- 
panies the sciatic nerve. In terms of phylo- 


genetic development, it is the principal 
artery of the leg and in rare situations can 
serve as such. 

Viscéral Branches 

During fêtai life the umbilical artery (Ail) 
feeds the placenta (see p. 8). In postnatal life 
it is divided into two parts: its proximal, 
patent part (Ail a), and an obliterated part, 
the occluded part (Ail b), forming the 
umbilical cord. The patent part of the 
umbilical artery gives off the superior vésical 
arteries (A12), which feed the upper part of 
the urinary bladder, the ureteric branches , 
and in the male pelvis the artery to ductus 
deferens. 

The uterine artery (A13) corresponds to the 
artery to ductus deferens, but usually arises 
directly from the internai iliac artery. It sup¬ 
plies the utérus and sends branches to the 
vagina, ovary, and uterine tube. 

The inferior vésical artery (A14) supplies the 
lower part of the urinary bladder. It sends 
vaginal branches to the vagina and prostatic 
branches to the prostate and séminal ves- 
icle. 

The vaginal artery (A15), often occurring as 
two or three vessels, supplies the vagina. 
The variable middle rectal artery (A16) runs 
along the pelvic floor to the rectal wall and 
supplies the muscles of the rectum. 

The internai pudendal artery (AB17) usually 
arises from the internai iliac artery, but oc- 
casionally springs from the inferior gluteal 
artery. Its initial portion travels through the 
infrapiriform foramen, around the ischial 
spine and through the lesser sciatic foramen 
to reach the latéral wall of the ischioanal 
fossa. Its branches are: the inferior rectal 
artery (A18), périnéal artery (A19), posterior 
labial or posterior scrotal branches, uréthral 
artery (A20), artery of bulb of vestibule or 
bulb of pénis (A21 ), deep artery of clitoris or 
pénis (A22) and posterior artery of clitoris or 
artery ofbulb of pénis (A23). 

Clinical note (C). If the vessel connecting the 
obturator artery (AC7) and inferior epigastric 
artery (AC24) is very thick or if the obturator 
artery arises from the inferior epigastric artery, 
it can be injured during surgery in the inguinal 
région, resulting in death. Hence the name “ab¬ 
errant obturator artery" (corona mortis) (C25). 
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External lliac Artery 

The second branch ofthe common iliac artery 
(AC1 ), the external iliac artery (AC2), is 
wider in caliber than the internai iliac artery 
(AC3). It courses parallel to the linea termi- 
nalis and médial to the iliopsoas to the 
vascular space (see Vol. 1, p. 404). After 
traveling through this passage, it continues 
as the fémoral artery (AC4). 

With the exception of smaller muscular 
branches, the external iliac artery does not 
give rise to any branches during its course. 
Arising from the terminal portion (A and B) of 
the external iliac artery immediately before 
it leaves the vascular space is the inferior epi* 
gastric artery (AB5) which originates poste- 
rior to the inguinal ligament. It ascends in 
an arch to the posterior surface of the rectus 
abdominis, producing the latéral umbMcal 
fold on the inner surface of the anterior 
abdominal wall. The inferior epigastric 
artery anastomoses with the superior epi¬ 
gastric artery (see p. 52) at the level of the 
navel. It gives rise to the pubic branch, which 
gives rise to the obturator branch . The obtu- 
rator branch anastomoses with the pubic 
branch of the obturator artery. The inferior 
epigastric artery also gives rise to the 
cremasteric artery or artery of round liga¬ 
ment of utérus. 

The deep circumflex iliac artery (AB6) arises 
from the external iliac artery and arches 
posteriorly along the iliac crest. One of its 
branches has anastomoses to the iliolumbar 
artery. 

Fémoral Artery 

The fémoral artery (AC4) is the continuation 
ofthe external iliac artery distal to the ingui¬ 
nal ligament. It runs medially and anteriorly 
past the hip joint to reach the iliopectineal 
fossa, where it is covered by the fascia of the 
thigh. Posterior to the sartorius it travels in 
the adductor canal which gives it passage to 
the posterior side of the thigh and popliteal 
fossa where it becomes the popliteal artery. 
The fémoral artery gives rise to the follow- 
ing branches: 


The superficial epigastric artery (AB7) arises 
distal to the inguinal ligament and ascends 
in the skin of the anterior abdominal wall. 
The superficial circumflex iliac artery (AB8), 
which runs toward the anterior superior 
iliac spine. 

The external pudendal arteries (B9), which 
pass medially and give off the anterior 
scrotal or anterior labial branches as well as 
the inguinal branches. 

The descending genicular artery (CIO), which 
divides in the adductor canal into the 
saphenous branch , which passes to the leg, 
and the articular branch which passes to the 
genicular anastomosis (see below). 

The deep artery of thigh (Cil), which is the 
thickest branch and arises from the post¬ 
érolatéral part of the vessel about 3-6 erp 
below the inguinal ligament. Its branches 
and their twigs are highly variable. In 
general they can be divided into: the médial 
circumflexfemoral artery (C12) which passes 
medially and posteriorly and distributes 
branches that supply the surrounding 
muscles and hip joint. The latéral circumflex 
fémoral artery (C13) arises latérally. One of 
its branches usually forms a vascular loop 
around the neck of the fémur with the mé¬ 
dial circumflex femoml artery. The perforat- 
ing arteries (C14) are terminal branches 
(usually three, but as many as five in num- 
ber). They pierce the adductors near the 
fémur and pass to the posterior aspect of the 
thigh, which is supplied by their branches. 

Clinical note. Because it lies superficially, the 
fémoral artery can be used to introduce a 
cathéter into the great arteries and left half of 
the heart. 
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Cardiovascular System: Arteries of Pelvis and Lower Limb 


Popliteal Artery 

The popliteal artery (Al) is the portion of 
the external iliac artery that courses on the 
leg from the end of the adductor canal to its 
division at the inferior border of the popli- 
teus. lt lies deep within the popliteal fossa 
near the capsule of the knee joint and 
divides into the two arteries that supply the 
leg, the anterior tibial artery (AB2) and poste- 
rior tibial artery (A3). 

The popliteal artery distributes the follow- 
ing branches to surrounding structures: 

The superior latéral genicular artery (A4) and 
superior médial genicular artery (A5), which 
pass laterally and medially forward to the 
genicular anastomosis, an arterial plexus 
lying on the anterior aspect of the knee 
joint. 

The middle genicular artery (A6), which 
passes posteriorly to the joint capsule and 
cruciate ligaments. 

The sural arteries (A7), which are branches to 
the calf muscles. 

The inferior latéral genicular artery (A8) and 
inferior médial genicular artery (A9), which 
pass anteriorly beneath the latéral and mé¬ 
dial heads (origins) of the gastrocnemius to 
the genicular anastomosis. 

Genicular Anastomosis 

The genicular anastomosis is an arterial 
plexus formed by numerous smaller tribu- 
taries (see above). Collateral circulation is 
usually insufficient if the popliteal artery is 
ligated. 

Descending vessels that pass to the genicular 
anastomosis are the superior latéral genicu- 
lar artery (A4), superior médial genicular 
artery (A5), and saphenous branch of the de¬ 
scending genicular artery. Ascending vessels 
are the inferior latéral genicular artery (A8), 
inferior médial genicular artery (A9), ante¬ 
rior tibial récurrent artery (AB10), and rir- 
cumflex fibular branch of the posterior tibial 
artery ( see p. 64). 


Arteries of the Leg and Foot 

Anterior tibial artery (AB2). The anterior 
tibial artery pierces the interosseous mem¬ 
brane at the inferior border of the popliteus 
and passes to the anterior aspect of the leg 
where it runs between the extensors to the 
dorsum of the foot. In addition to muscu/ar 
branches, significant branches include: 

The posterior tibial récurrent artery, an incon¬ 
stant vessel that passes to the popliteal 
fossa. 

The anterior tibial récurrent artery (AB10), 
which passes as a récurrent vessel to the 
genicula r a nastomosis. 

The anterior latéral malleolar artery (Bll ) and 
anterior médial malleolar artery (B12) t 
branches to the latéral malleolar network 
and médial malleolar network overlying the 
malleolus. 

Posterior artery of foot (B13). The poste¬ 
rior artery of the foot is the continuation of 
the anterior tibial artery on the dorsum of 
the foot (boundary: articular cavity of the 
talocrural joint), lt lies superficially and can 
be palpated (posterior pedal puise) be¬ 
tween the tendons of the extensor hallucis 
longus and extensor digitorum longus. lt 
gives rise to the following branches: 

The latéral tarsal artery (B14) and médial tarsal 
arteries (B15), which supply the area around 
the postérolatéral and posteromedial sides 
of the tarsus. 

The inconstant arcuate artery (B16), which 
runs along the bases of the metatarsals and 
anastomoses with the latéral tarsal artery. 
Arising from the arcuate artery are the pos¬ 
terior metatarsal arteries (B17) which pass 
to the intermetatarsal spaces. These divide 
distally into the posterior digital arteries 
(B18), which pass to the toes. 
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Cardiovascular System: Arteries of Pelvis and ower Limb 


Arteries of the Leg and Foot, cont. 

Posterior tibial artery (Al ). The posterior 
tibial artery continues in the same direction 
as the popliteal artery and passes deep to 
the tendinous arch of the soleus to beneath 
the superficial flexor group. lts distal por¬ 
tion runs behind the médial malieolus, 
where its puise can be palpated. It gives rise 
to the following branches: 

The circumflex fibular branch (A2), which 
passes anteriorly around the fibula to the 
genicular anastomosis (see p. 62). 

The Fibular artery (A3), which arises in an 
acute angle from the posterior tibial artery 
and runs under cover of the flexor hallucis 
longus near the fibula over the latéral 
malieolus to the calcaneus. Major branches 
of the fibular artery are: the fibular nutrient 
artery (A4), which passes to the shaft of the 
fibula; the perforating branch (A5) which 
passes to the dorsum of the foot; the com- 
municating branch (A6), which connects to 
the posterior tibial artery; and latéral malle- 
olar branches (A7) to the latéral malieolus. 
lts branches contribute to the formation of 
the latéral malleolar network (A8) and cal- 
caneal anastomosis (A9). 

The tibial nutrient artery (A10). which arises 
distal and médial to the origin of the fibular 
artery and passes to the shaft of the tibia. 
Médial malleolar branches (Ail), which pass 
behind the médial malieolus to the médial 
malleolar network (A12). 

Calcaneal branches (A13), which pass to the 
médial surface of the calcaneus and to- 
gether with branches from the fibular artery 
form the calcaneal anastomosis on its poste¬ 
rior aspect. 

After passing the médial malieolus, the pos¬ 
terior tibial artery divides deep to the ab- 
ductor hallucis into its two terminal 
branches, the médial plantar artery (B14) and 
latéral plantar artery (B15). 

Médial plantar artery. The médial plantar 
artery is the médial and usually thinner ter¬ 
minal branch that runs along the médial 
side of the plantar surface of the foot be- 
tween the abductor hallucis and flexor digi- 
torum brevis. lt divides into a superficial 


branch (B16) which passes to the great toe, 
and a deep branch (B17) which usually con¬ 
nects to the deep plantar arch (B18). 

Latéral plantar artery. The latéral plantar 
artery is the thicker terminal branch of the 
posterior tibial artery. lt passes in an arch 
between the flexor digitorum brevis and 
quadratus plantae to the latéral side of the 
plantar surface of the foot, forming the deep 
plantar arch (B18) above the metatarsals. 

Vascular Arches of the Feet 

Deep plantar arch. The deep vascular arch 
on the plantar surface of the foot corre¬ 
sponds to the deep palmar arch. lt gives rise 
to four plantar metatarsal arteries (B19) that 
pass to the intermetatarsal spaces. These 
send perforating branches (B20) to the dor¬ 
sum of the foot. They are continuous with 
the common plantar digital arteries (B21), 
which branch into the plantar digital arter¬ 
ies proper (B22). 

The superficial plantar arch, a superficial 
arterial arch corresponding to the superfi¬ 
cial palmar arch, is usually absent. 
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Venous System 

The venous System can be divided into pul- 
monary veins of the pulmonary circulation 
(see p. 6), the caval system of the systemic 
circulation, and the portai circulation to the 
liver (see p. 216). 

The veins of the systemic circulation do not al- 
ways run parallel to the arteries. A superficial net- 
work of subcutaneous veins, consisting of vessels 
lying between the skin and fascia (epifascial 
veins) without companion arteries, is distin- 
guished from a network of subfascial veins which is 
usually identical to the pattern of arterial dis¬ 
tribution. The deep and superficial Systems of 
veins are usually connected by perforator veins. 

The main venous trunks of the systemic circula¬ 
tion (A) are the superior vena cava (Al) and 
inferior vena cava (A2) (caval system). The 
aorta is accompanied in the thorax by the 
azygos vein (A3) and hemiazygos vein (A4), 
which are considered remnants of paired 
longitudinal trunks présent during embry- 
onic development (azygos vein system). 

Connections and bypasses between the in¬ 
ferior and superior venae cavae are known 
as cavocaval anastomoses, while connections 
between the portai vein and venae cavae are 
referred to as portal-caval anastomoses. 

Caval System 

Superior vena cava. The superior vena cava 
arises from the union of the right (A5) and 
left brachiocephalic veins (A6), which carry 
blood to the heart from the head and neck 
via the internai jugular vein (A7) as well as 
from the arms via the subclavian vein (A8). 
The main lymphatic trunks open at the 
union of the subclavian vein and internai 
jugular vein, the “venous angle," i.e., the 
right lymphatic duct (A9) on the right side 
and the thoracic duct (A10) on the left side. 

Inferior vena cava. The inferior vena cava 
arises from the union of the common iliac 
veins (Ail), which collect blood from both 
sides of the body via the internai iliac vein 
(A12), which drains blood from the pelvis, 
and the external iliac vein (A13), which 
drains blood from the legs. Additional tribu- 
taries are the unpaired médian sacral vein 


(A14), testicular vein or ovarian vein on the 
right side (A15), lumbar veins (A16) and 
rénal vein (A17) on both sides, and the right 
suprarénal vein (A18) on the right side. The 
hepatic veins (A19) and inferior phrenic veins 
(A20) open just below the diaphragm. 

Azygos Vein System 

Azygos vein (A3). Located on the right side 
of the body, the azygos vein begins in the 
abdominal cavity as the ascending lumbar 
vein (A21) and empties at the level of L4 or 
L5 via the arch of the azygos vein (A22) into 
the superior vena cava. Tributaries in the 
thorax are: the right superior intercostal vein 
(A23) from the second and third intercostal 
spaces, the hemiazygos vein (A4) (see 
below), the variable accessory hemiazygos 
vein (A24), which collects blood from the 
fourth through eighth left intercostal veins 
(A25), and the esophageal veins, bronchial 
veins, pericardial veins, médiastinal veins, 
and superior phrenic veins. The abdominal 
portion of the azygos vein, the ascending 
lumbar vein (A21 ), receives the lumbar veins 
(A16) and subcostal vein. 

Hemiazygos vein (A4). On the left side of 
the body, the hemiazygos vein also arises 
from the ascending lumbar vein and receives 
the corresponding tributaries. lt empties at 
the level ofT9 orTIO into the azygos vein. 

Veins of the Vertébral Column 

The vertébral column has well developed 
venous networks which may be divided into 
two groups: external and internai venous 
plexuses (B). 

The anterior external vertébral venous plexus (B26) 
forms a network on the anterior aspect of the 
vertébral bodies. The posterior external vertébral 
venous plexus (B27) surrounds the posterior aspect 
of the vertébral arches and ligament complex. The 
external vertébral venous plexuses anastomose 
with the internai plexuses and drain via the verté¬ 
bral veins, posfer/or intercostal veins, and lumbar 
veins. The internai vertébral venous plexuses (B28 
anterior, B29 posterior) lie epidurally and are bet- 
ter developed than the external vertébral venous 
plexuses. The internai vertébral venous plexuses 
are connected to the external vertébral venous 
plexuses by the basivertébral veins. 
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Tributaries of the Superior Vena 
Cava 


The trunk of the superior vena cava ( AB1 ) is 
formed by the union of the right (AB2) and 
left (A3) brachiocephalic veins. The left bra- 
chiocephalic vein is longer than the right 
one and passes obliquely over the aortic 
arch (A4) and its branches. 


Brachiocephalic Veins 

The brachiocephalic veins are formed on 
both sides by the union of the internai jugular 
vein (AB5) and subclavian vein (AB6). The 
veins that typically empty into the brachio¬ 
cephalic veins are: 

the inferior thyroid veins (A7), draining via 
the unpaired thyroid plexus (A8) into the left 
brachiocephalic vein; 

small veins from surrounding structures, i.e., 
the thymus, pericardium, bronchia, trachea, 
and esophagus; 

the vertébral vein (AB9), which communi- 
cates with the veins of the cranial cavity and 
vertébral venous plexuses; 
the suboccipital venous plexus, a venous plexus 
between the occipital bone and atlas; 
the deep cervical vein; 

the internai thoracic veins (A10), paired com- 
panion veins of the internai thoracic artery; 
the suprême intercostal vein and left superior 
intercostal vein. 


Jugular Veins 

Internai jugular vein. The internai jugular 
vein is the chief vein draining the neck. 
Along with the common carotid artery and 
vflgus nerve it forms the neurovascular 
bundle, which is enclosed in a common con¬ 
nective tissue sheath. The internai jugular 
vein commences at the jugular foramen 
with a dilatation, the superior bulb of jugular 
vein (Bll), and extends to the venous angle. 
lmmediately before it unités with the sub¬ 
clavian vein, it présents a dilatation known 
as the inferior bulb of jugular vein (B12). The 
internai jugular vein drains the cranial cav¬ 
ity, head, and large portions of the neck. Its 
extracranial tributaries are: 


the pharyngeal veins from the pharyngeal 
plexus on the latéral wall of the pharynx; 
the meningeal veins, small veins draining the 
dura mater; 

the lingual vein (B13), whose course and ré¬ 
gion of drainage largely corresponds to the 
distribution area of the lingual artery; 
the superior thyroid vein (B14), which re- 
ceives the superior laryngeal vein; 
the middle thyroid veins; 
the stemocleidomastoid vein; 
and the facial vein (B15), which commences 
at the médial angle of the eye as the angula r 
vein (B16), which in turn anastomoses with 
the ophthaimic vein. The facial vein receives 
tributaries from superfîcial and deep struc¬ 
tures of the face. As a large main trunk it 
receives the retromandibular vein (B17), 
which receives the superficial temporal veins 
(B18) from the calvaria and the pterygoid 
plexus (B19). The latter lies between the 
masticatory muscles in the distribution area 
of the maxillary artery. 

Extern al jugular vein (AB20). The external 
jugular vein arises from the union of the 
occipital vein (B21) and posterior auricular 
vein. It forms one of the superficial venous 
trunks of the neck lying on the cervical fas- 
cia. It crosses over the stemocleidomastoid 
and empties near the venous angle into the 
internai jugular vein or subclavian vein. 

The second superficial venous trunk of the 
neck, the anterior jugular vein (AB22), 
frequently opens into the external jugular 
vein. It begins at the level of the hyoid bone 
and may be connected directly above the 
sternum by the jugular venous arch (A23), a 
transverse vessel connecting it to its coun- 
terpart from the opposite side. The trans¬ 
verse cervical veins and suprascapular vein usu- 
ally empty into the external jugular vein. 

B24 Superior sagittal sinus, B25 Inferior sagittal 
sinus, B26 Straight sinus, B27 Transverse sinus, 
B28 Sigmoid sinus, B29 Cavernous sinus 
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Durai Venous Sinuses 

The internai jugular vein receives tributar¬ 
ies from the interior of the cranium via the 
venous channels of the dura mater known 
as the durai venous sinuses. The rigid walls 
of these venous channels are formed by the 
cranial periosteum and dura mater. The in¬ 
terior of these valveless sinuses is lined with 
endothélium. 

At the level of the internai occipital pro¬ 
tubérance, severai larger durai venous 
sinuses merge to form the confluence of 
sinuses (AB1). 

The tranverse sinus (AB2) begins at the con¬ 
fluence of sinuses and continues laterally as 
the sigmoid sinus (AB3). The sigmoid sinus 
travels in an S-shaped course along the pos- 
terior inferior border of the petrous part of 
the temporal bone to the jugular foramen, 
where the internai jugular vein arises. 

The marginal sinus (AB4) encircles the fora¬ 
men magnum and connects the durai 
venous sinuses with the vertébral venous 
plexuses. 

The unpaired occipital sinus (AB5) begins at 
the foramen magnum and travels within the 
root of the faix cerebelli. It connects the 
marginal sinus with the confluence of 
sinuses. 

The basilar plexus (AB6) refers to the venous 
plexus lying on the clivus between the mar¬ 
ginal sinus and cavemous sinus. 

The cavernous sinus (AB7) lies on either side 
of the sella turcica and pituitary gland (B8). 
Passing through the cavernous sinus are the 
internai carotid artery and abducent nerve. 
Lying in its latéral wall are the oculomotor 
nerve, trochlear nerve, ophthalmic nerve, and 
maxillary nerve. 

Communicating with the cavemous sinus are: 

- the angular vein (facial vein) via the superior 
ophthalmic vein (A9), 

- the superior sagittal sinus via the sp/ieno- 
pariétal sinus (AB10), which runs on both 
sides along the margin of the lesser wing of 
the sphenoid, 

- the cavemous sinus of the opposite side via 
the intercavemous sinuses (AB11 ), 

I 


- the internai jugular vein via the inferior 
petrosal sinus (AB12), which runs on both 
sides along the inferior border of the petrous 
part of the temporal bone and receives the 
labyrinthine veins from the internai ear, 

- the sigmoid sinus via the superior petrosal 
sinus (AB13). 

The superior sagittal sinus (A15), a large 
venous channel, passes to the confluence of 
sinuses (AB1 ) at the root of the faix cerebri 

(ABM). 

The inferior sagittal sinus (A16) runs within 
the inferior border of the faix cerebri. It ends 
above the straight sinus (A17) in the con¬ 
fluence of sinuses. The straight sinus con¬ 
nects the faix cerebri with the tentorium 
cerebelli (A18) and receives the great céré¬ 
bral vein (A19). 

Additional Intracranial and Extracranial 
Drainage Pathways 

Cérébral veins. Cérébral veins can be divided into 
superficial cérébral veins, superficial vessels, which 
empty directly into the durai venous sinuses, and 
deep cérébral veins, which drain via the great céré¬ 
bral vein into the durai venous sinuses (illustra¬ 
tions and drainage of cérébral veins in Vol. 3. p. 
276 ff.). 

Diploic veins. The diploic veins lie in the diploe 
(spongy substance) of the cranial bones and com- 
municate with the durai venous sinuses as well as 
the superficial veins of the head. They receive 
blood from the dura mater and cranial roof. They 
can be divided into: the frontal diploic vein, ante- 
rior temporal diploic vein, posterior temporal di¬ 
ploic vein, and occipital diploic vein. 

Emissary veins. The emissary veins pass through 
preformed cranial openings and directly connect 
cranial venous sinuses to extracranial veins. They 
are: 

- the pariétal emissary vein (superior sagittal 
sinus-superficial temporal vein), 

- the mastoid emissary vein (sigmoid sinus- 
occipital vein), 

- the condylar emissary vein (sigmoid sinus-ex- 
ternal vertébral venous plexus), 

- the occipital emissary vein (confluence of 
sinuses-occipital vein), 

- the venous plexus of hypoglossal canal, 
venous plexus of foramen ovale, the internai 
carotid venous plexus, and portai veins of the 
hypophysis. 
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Veins of the Upper Limb 

Subclavian vein (Al).Thesubclavian vein is 
the continuation of the axillary vein (A2), 
draining the upper limb to the venous angle. 
It lies between the sternocleidomastoid and 
anterior scalene muscles and unités behind 
the sternoclavicular joint with the internai 
jugularvein to form the brachiocephalic vein. 
The pectoral veins, posterior scapular vein (oc- 
casionally), and thoracoacromial vein (occa- 
sionally) empty into the subclavian vein. 

Axillary vein (AC2). The axillary vein runs 
in the axilla as the companion vein of the 
axillary artery and collects blood from the 
area supplied by it via the following tributar¬ 
ies: the s ubscapular vein, circumflex scapular 
vein, thoracoposterior vein, posterior circum¬ 
flex humerai vein, anterior circumflex hu¬ 
merai vein, latéral thoracic vein, thoracoepi- 
gastric veins, and areolar venous plexus 
around the areola. 

Clinical note. Because of their relatively con¬ 
stant position, the deep internai jugular vein 
and subclavian vein are often used for central 
venous access. The internai jugular vein is more 
commonly used to obtain access because it can 
be readily located even by less experienced 
practitioners, and thus seldom invokes com¬ 
plications. The subclavian vein is the second 
most commonly used route and is accessed 
via a supraclavicular or an infraclavicular 
approach. Subclavian puncture can resuit in 
injury to the brachial plexus, subclavian artery, 
or even pleura with subséquent pneumo¬ 
thorax. 

Deep veins of upper limb. The deep veins 
of the arm are paired companion veins of ar- 
teries. They are divided into: 
the brachial veins (A3), which accompany the 
brachial artery and unité proximally to form 
the axillary vein; 

the ulnar veins (A4), lying in the ulnar neu- 
rovascularbundle; 

the radial veins (A5), companion veins of the 
radial artery; 

the anterior interosseous veins (A6) and poste¬ 
rior interosseous veins ( A7) accompanying ar- 
teries along the interosseous membrane; 
the deep venous palmar arch (A8) and palmar 
metacarpal veins ( A9) of the palm of the hand. 


Superficial veins of upper limb. The super- 
ficial veins of the arm lie in the subcu- 
taneous tissue above the muscle fascia (epi- 
fascial veins). They form an extensive venous 
network which mainly originates from the 
posterior venous network of hand (B10), a well- 
developed venous plexus on the dorsum of 
the hand that also receives blood from the 
less developed superficial venous palmar 
arch (Cil) on the palm. 

The cephalic vein (BC12) arises from the su¬ 
perficial posterior venous network of the 
hand (B), passes to the flexor side, ascends 
proxi mally on the radial side of the forearm 
and travels along the arm in the latéral bici¬ 
pital groove (C). It pierces the fascia in the 
clavipectoral triangle and ope ns into the ax- 
illary vein (see Vol. 1, p. 370). 

The basilic vein (C13) is a subcutaneous vein 
that arises above the distal ulna and ascends 
on the ulnar side of the forearm. It pierces 
the muscle fascia at the middle of the arm, 
enters the médial bicipital groove, and opens 
into one of the two brachial veins. 

The cephalic and basilic veins are usually 
connected at the level of the cubital fossa by 
the médian cubital vein (C14), which passes 
from inferolateral to superomedial. The 
subcutaneous veins of the elbow also com- 
municate with deep veins. Subcutaneous 
veins are highly variable (see Vol. 1, p. 382). 

Clinical note. Subcutaneous veins of the hand 
and elbow are commonly used for intravenous 
injection or to draw blood. 
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Tributaries of the Inferior Vena 

Cava 

lliac Veins 

Common lliac Vein 

The inferior vena cava (Bl) arises at the 
union of the right and left common iliac 
veins (AB2), which extend from the level of 
L4 to the sacroiliac joint and are derived 
from the confluence of the internai and exter- 
nal iliac veins. The iliolumbar vein opens into 
the right and left common iliac veins, and 
the médian sacral vein into the left common 
iliac vein (AB3). 

Internai lliac Vein 

The internai iliac vein (AB4) is a short trunk 
that receives the following veins from the 
pelvic viscera, pelvic wall, and perineum: 
the superior gluteal veins (ABS), companion 
veins of the superior gluteal artery that enter 
the pelvis through the suprapiriform fora¬ 
men and merge to form a trunk that opens 
into the internai iliac vein; 
the inferior gluteal veins (AB6), which accom- 
pany the inferior gluteal artery and pass 
through the infrapiriform foramen; 
the obturator veins (B7), which emerge from 
the obturator foramen into the pelvis; 
the latéral sacral veins (B8), which collect 
blood from the sacra/ venous plexus (B9), a 
venous network lying anterior to the 
sacrum. 

Larger venous plexuses surround the pelvic 
organs. The rectal venous plexus (AB10) drains 
mainly into the middle rectal veins (AB11) 
and communicates with the superior rectal 
vein. The vésical venous plexus (AB12) re¬ 
ceives the prostatic venous plexus or vaginal 
venous plexus (B13) as well as the deep pos- 
terior vein of pénis or deep posterior vein of 
clitoris. The uterine venous plexus (AB14) 
drains into the uterine veins. The venous 
plexuses of the urogénital organs are inter- 
connected. 

Venous blood from the pelvic floor and per¬ 
ineum is collected by the internai pudendal 
vein (B15). lts tributaries are: 


- the veins of pénis or deep veins of clitoris 

(B16), 

- the inferior rectal veins. 

- the posterior scrotal veins or posterior 
labial veins. and 

- the vein of bulb of pénis or vein of bulb of 
vestibule. 

External lliac Vein 

The external iliac vein (AB17) is the proxi¬ 
mal continuation of the fémoral vein (AB18). 
During its course from below the inguinal 
ligament to its junction with the internai 
iliac vein, it collects blood from only three 
tributaries: 

the inferior epigastric vein (AB19), which runs 
on the posterior aspect of the anterior 
abdominal wall as the companion vein of 
the inferior epigastric artery ; 
the pubic vein (B20), which communicates 
with the obturator vein and in rare instances 
can replace it (accesso/y obturator vein); 
the deep circumflex iliac vein (B21), which 
arises from companion veins of the deep 
circumflex iliac artery. 
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Veîns of the Lower Limb 
Deep Veins of the Lower Limb 

Fémoral vein (Al). The fémoral trunk is 
formed by the deep veins of the lower limb. 
It accompanies the fémoral artery and ex- 
tends from the adductor hiatus of the ad- 
ductor canal to the inguinal ligament. Near 
the saphenous opening (see Vol. 1, p. 416) 
the fémoral vein receives subcutaneous 
veins from various régions which drain into 
it either directly or via the great saphenous 
vein (ABDE2): 

The external pudendal veins ( AB3), which con- 
vey blood from the external genitalia via the 
superficial posterior veins of pénis or clitoris 
and anterior scrotal or labial veins; 
the superficial circumflex iliac vein (AB4), the 
companion vein of the superficial circum¬ 
flex iliac artery in the inguinal région; 
the superficial epigastric vein (ABS), which 
travels along the anterior abdominal wall 
(B) and anastomoses with the thoracoepiga - 
strie vein (B6) and paraumbilical veins (B7). 
The superficial epigastric vein thus forms a 
connection between the vessels ultimately 
draining into the inferior vena cava and su- 
perior vena cava, i.e., it forms a cavocaval 
anastomosis. It is also connected via the 
paraumbilical veins to the portai circulation 
(see p. 216), forming a portal-caval anastomo¬ 
sis. 

Another major tributary of the fémoral vein 
is the deep vein of thigh (A8) which accompa¬ 
nies the deep fémoral artery and receives 
the following veins: 

- the médial circumflex fémoral veins (A9) 
and latéral circumflex fémoral veins (A10) 
from the région around the hip joint, 

- the perforating veins from the posterior 
side of the thigh. 

Popliteal vein (AC11). The popliteal vein is 
the companion vein of the popliteal artery. It 
receives the sural veins from the leg and the 
genicular veins from the knee. 

The popliteal vein arises from the union of 
the paired anterior tibial veins (AC12) and 
posterior tibial veins (AC13), which accom- 
pany the anterior and posterior tibial arter- 
ies. The fibular veins (ACM) open into the 
posterior tibial veins. 


The deep veins of the leg communicate via per - 
forator veins (Cl5) with the main trunks of the 
subcutaneous veins. They receive tributaries from 
the venous plexuses on the posterior and plantar 
surfaces of the foot. 

Superficial Veins of the Lower Limb 

Créât saphenous vein (ABDE2). This is the 
largest subcutaneous vein of the leg. It 
begins at the médial border of the foot, as- 
cends medially and opens at the saphenous 
opening into the fémoral vein. It receives the 
accessory saphenous vein (Al6), which some- 
times connects it with the small saphenous 
vein (ACE17). It also communicates via the 
perforating veins (05) with the deep veins of 
the leg and receives the external pudendal 
veins, superficial circumflex iliac vein, and su¬ 
perficial epigastric vein at the saphenous 
opening if they do not open directly into the 
fémoral vein (see above). 

Small saphenous vein (ACE17). This arises 
at the latéral border of the foot and passes 
over the posterior aspect of the leg to the 
popliteal vein. 

Veins that empty into the small saphenous 
vein (partly also into the great saphenous 
vein or tibial veins) are: 
the posterior venous network of foot (D18) and 
posterior venous arch of foot (D19) on the dor- 
sum of the foot, which arise from the poste- 
rior digital veins of foot (D20) and posterior 
metatarsal veins; 

the plantar venous network (E21) and plantar 
venous arch (E22) on the plantar surface of 
the foot, which arise from the plantar digital 
veins (E23) and plantar metatarsal veins 
(E24). 

The posterior and plantar venous arches of 
the foot are connected by the intercapitular 
veins. 

The latéral marginal vein (E25) communicates 
with the small saphenous vein , while the mé¬ 
dial marginal vein (E26) communicates with 
the great saphenous vein. 

Clinical note. The great and small saphenous 
veins can become dilated and twisted, forming 
varicose veins. Valves in the vein become in- 
suffïcient and can no longer move blood 
toward the heart. 
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Lymphatic System 

Lymphatic Vessels 

Lymphatic vessels can basically be divided 
into the folîowing segments: 

- lymphatic capillaries, 

- lymphatic vessels or collectors, 

- larger lymphatic trunks. 

Lymphatic vessel System. The System of 
lymphatic vessels begins in the periphery of 
the body with lymphatic capillaries, blind- 
ended valveless vessels that collect lymph. 
Lymph is a clear fluid that anses by filtration 
ofblood from the arterial part ofthe capillar¬ 
ies into the interstitiel spaces. lt is conveyed 
through the System of lymphatic vessels to 
the venous angle and thus returned to the 
blood circulation. Near their origin the lym¬ 
phatic capillaries join to form a network 
called a lymphatic rete, merging to form the 
thin-walled lymphatic vessels which anasto¬ 
mose freely with each other. Lymphatic ves¬ 
sels possess valves and direct the flow of 
lymph toward the lymph nodes, which are in- 
terspersed at regular intervals along the 
course of the lymphatic vessels. Lymphatic 
vessels can be divided, according to their re¬ 
lation to the general layer of fascia, into su- 
perfîcial lymph vessels and deep lymph ves¬ 
sels. The lymph collected by lymphatic ves¬ 
sels ultimately flows into two large lym¬ 
phatic trunks, the thoracic duct on the left 
and the right lymphatic duct on the right. 

Main Lymphatic Trunks 

Thoracic duct (AB1 ). The thoracic duct is 
the main trunk of the lymphatic vessel Sys¬ 
tem. It lies below the diaphragm (A2) and is 
derived from a constant, spindle-shaped di¬ 
latation, the chyle cistem (AB3), located on 
the right side of the aorta (A4). The thoracic 
duct can be divided into the folîowing por¬ 
tions (B): a short abdominal part (I) in front of 
Ll, a long thoracic part (11), a short cervical part 

(III) in front ofC7, and thearch of thoracic duct 

(IV) , the curved portion anterior to the am- 
pulliform, dilated opening into the left 
venous angle (AB5). 


A6 Azygos vein, A7 Right sympathetic trunk, A8 
Celiac trunk, A9 Superior mesenteric artery, A1Û 
Right rénal artery 

The thoracic duct conveys lymph from the I 
entire lower half of the body as well as re - I 
gions on the upper left side ofthe body. It re-1 
ceives the folîowing tributaries: 

The right (Bll) and left lumbar trunks (B12), I 
the major tributaries that transport lymph 
from the legs, pelvic viscera, pelvic wall, por¬ 
tions of the abdominal organs, and the 
abdominal wall to their union at the chyle 
cistem. 

The intestinal trunks (B13), which convey 
lymph from the intestines and remainingun- 
paired abdominal organs to the thoracic 
duct. The intestinal trunks unité with the ' 
lumbar trunk to form the thoracic duct; 

The left bronchomediastinal trunk (B14), 
which collects lymph from the thoracic cav- 
ity. On the left side it can arise from the 
union of several lymphatic trunks and open 
directly into the thoracic duct; 
the left subdavian trunk (B15), which carries 
lymph from the left upper limb and soft tis¬ 
su es of the left half of the thorax to the | 
thoracic duct; 

the left jugular trunk (B16), which drains 
lymph from the head and neck into the 
thoracic duct or directly into one ofthe two 
great veins at the venous angle. 

Right lymphatic duct (B17). The right lym¬ 
phatic duct drains régions ofthe upper right 
side of the body and ope ns into the right 
venous angle. It receives the right bronchome¬ 
diastinal trunk (B18), subdavian trunk (B19), 
and right jugular trunk (B20). Tributaries of 
these vessels correspond to those ofthe left 
side ofthe body. 
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Régional Lymph Nodes of the Head, 
Neck, and Arm 

Régional lymph nodes are groups of lymph 
nodes found within a spécifie région of the 
body or organ that drain into central or col- 
lecting lymph node stations. 

Head. The occipital nodes (Al) located at the 
■ border of the trapezius receive lymph from 
the occiput and neck; the mastoid nodes (A2), 
located on the mastoid process, receive 
lymph from parts of the ear and scalp ; and 
the superficial parotid nodes (A3), lying on the 
parotid fascia, and the deep parotid nodes 
(A4), underlying the fascia, receive lymph 
from the parotid gland, parts of the eyelids, 
external acoustic meatus, and extemal nose. 
These three groups of lymph nodes share a 
common drainage pathway to the deep cer¬ 
vical lymph nodes. 

The facial nodes (A5) are inconstant. They re¬ 
ceive lymph from the eyelids, nose, palate, 
and pharynx. The lingual nodes (A6) mainly 
drain lymph from the tongue while the sub¬ 
mental nodes (B7) drain the floor ofthe oral 
cavity, tip of the tongue, and lower lip. Ail 
three groups of lymph nodes drain via the 
submandibular nodes (B8), which are located 
between the mandible and submandibular 
gland and act as first and second filtering 
stations. These receive drainage directly 
from the médial angle of the eye, cheek, nose, 
lips, gingiva, and parts of the tongue. They 
drain into the deep cervical lymph nodes. 

Neck. The anterior cervical nodes can be 
divided into a superficial group of lymph 
nodes, the superficial nodes (A9) lying along 
the anterior jugular vein, and a deep group, 
the deep nodes (B10), which can be divided 
into various subgroups by cervical viscera. 
Ail anterior lymph nodes ultimately drain 
into the deep cervical lymph nodes. 

The latéral cervical nodes lie in the latéral part 
of the neck and can also be divided into a su¬ 
perficial group, the superficial nodes (Ail), 
situated along the external jugular vein, 
which collect lymph from the auricle and in- 
ferior part of the parotid gland, and a deep 
group. The latter is usually divided into two 
groups, the superior deep nodes (B12), the 


second lymph node station for nearly al 
lymph nodes of the head, and inferior dee\ 
nodes (B13), the second lymph node statior 
for nearly ail lymph nodes of the neck anc 
the last filtering station for the lymph node< 
of the head. The deep cervical lymph node? 
drain into the respective jugular trunk. 

Upper limb. Lymph from the hand and fore- 
arm first drains to the elbow where the su¬ 
perficial and deep cubital nodes (C14) are lo¬ 
cated. One or two supratrochlear nodes (C15) 
lie médial to the brachial vein, and scattered 
brachial nodes (C16) may sometimes be sit¬ 
uated further along the course of the 
brachial vessels. 

The axillary lymph nodes (C17) are major 
lymph node stations serving the upper limb 
and anterior thoracic wall. They are inter- 
connected by lymphatic vessels to form a 
network in the axilla known as the axillary 
lymphatic plexus. Various classifications of 
axillary lymph nodes into groups are found 
in the literature. Based on the anatomie no¬ 
menclature they can be divided into apical 
nodes (C18) at the superior border of the 
pectoralis minor, brachial nodes (C16) along 
the brachial or axillary artery, subscapular 
nodes (C19), pectoral nodes (C20) at the infe¬ 
rior border of the pectoralis minor, central 
nodes (C21), interpectoral nodes (C22) be¬ 
tween pectoralis major and pectoralis 
minor, and deltopectoral nodes (C23) in the 
deltopectoral triangle. The axillary lymph 
nodes serve as régional lymph nodes draining 
the mammary gland and breast and are ex- 
tremely important in clinical practice. 

C24 Parasternal nodes on the inner aspect of the 
thoracic wall (see p. 82) 
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Régional Lymph Nodes of the 
Thorax and Abdomen 

The lymph node groups of the body cavities 
can be roughly divided into pariétal lymph 
nodes, or nodes that drain the walls of a body 
cavity, and viscéral lymph nodes, or nodes lying 
adjacent to organs. 

Thorax 

The paramammary nodes lie outside the 
thorax on the latéral border of the mam- 
mary gland. 

On the inner aspect of the thoracic wall, 
lying along the internai thoracic vessels, are 
the parasternal nodes (see p. 80) which re- 
ceive lymph from the mammary gland, in¬ 
tercostal spaces, pleura, and parts of the liver 
and diaphragm. 

The intercostal nodes (Al) lie in the posterior 
portions of the intercostal spaces and re- 
ceive lymph from the pleura and intercostal 
spaces; 

the prevertebral nodes (AC2) lie between the 
esophagus and vertébral column and re- 
ceive lymph from surrounding régions; 
the superior diaphragmatic nodes (A3) are lo- 
cated at the large openings in the dia¬ 
phragm and receive lymph from the dia¬ 
phragm and liver ; 

the Prepericardial nodes (B4), situated be¬ 
tween the sternum and pericardium, and 
the latéral pericardial nodes (B5) between the 
médiastinal pleura and pericardium receive 
lymph from the neighboring areas; 
the group of nodes comprising the anterior 
médiastinal nodes (B6) lies anterior to the 
aortic arch and receives lymph from the ad¬ 
jacent structures. 

The posterior médiastinal nodes (C7) lie in the 
posterior part of the mediastinum. They are 
divided into subgroups by the adjacent or¬ 
gans and include the tracheobronchial nodes 
and paratrachéal nodes along the trachea. 
The posterior médiastinal nodes receive 
lymphatic drainage from the /ungs, bron- 
chia, trachea, esophagus, pericardium, dia¬ 
phragm, and liver. 

Abdomen 

Pariétal lymph nodes. These include the 
left lumbar nodes (D8), lying along the 


abdominal aorta, and right lumbar nodes (D9) 
along the inferior vena cava. Each of these 
groups of lymph nodes is divided into sub¬ 
groups of nodes which receive lymph from 
the adrenal glands, kidneys, ureters, testes, 
and ovaries as well as the fundus of the 
utérus and abdominal wall. Situated be¬ 
tween these two groups of lymph nodes are 
the intermediate lumbar nodes (D10) which 
drain the same régions. 

The inferior diaphragmatic nodes (Dll) lie on 
the inferior surface of the diaphragm and 
drain lymph from this area. 

The inferior epigastric nodes lie on the inner 
surface of the abdominal wall along the in¬ 
ferior epigastric artery. 

Viscéral lymph nodes. The celiac nodes 
(DE12) lie around the celiac trunk and form 
the second filtering station for the upper 
abdominal organs. 

The gastric nodes (right/Ieft) (E13) lie along 
the lesser curvature of the stomach, and the 
gastroomental nodes (right/Ieft) (E14) along 
the greater curvature of the stomach. The 
pylône nodes (E15) usually lie behind the py- 
lorus. 

The pancreatic nodes (DE16) are arranged 
along the superior and inferior borders of 
the pancréas. 

The splenic nodes (DE17) lie at the splenic 
hilum. 

The pancreaticoduodenal nodes (E18) lie be¬ 
tween the pancréas and duodénum. 

The hepatic nodes (E19) are located near the 
porta hepatis. 

The 100-150 mesenteric lymph nodes (EF20) 

are situated along the root of the mesentery 
and drain via the celiac nodes. 

The ileocolic nodes (F21) lie along the ileo- 
colic artery. 

The prececal nodes (F22) and retrocecal nodes 

are located anterior and posterior to the 
cecum; the appendicular nodes (F23) lie along 
the appendicular artery. 

The mesocolic nodes (F24) lie along the me- 
socolon. Croups of mesocolic nodes receive 
lymph from the large intestine. The inferior 
mesenteric nodes (F25) lie along the inferior 
mesenteric artery and receive lymph from 
the descending colon, sigmoid colon, and 
rectum. 
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Régional Lymph Nodes of the Pelvis 
and Lower Limb 

Pelvis 

Pelvic lymph nodes can also be divided into 

pariétal and viscéral lymph nodes (A). 

Pariétal groups. The common iliac nodes (Al ) 

are several groups of pariétal lymph nodes 
lying along either side of the common iliac 
vessels. They serve as the second filtering 
station and collect lymph from most of the 
pelvic viscera, inner surface ofthe abdominal 
wall, and the gluteal and hip muscles . They 
drain into the lumbar trunk. 

The extemal iliac nodes (A2) are numerous 
groups of lymph nodes that surround the 
external iliac vessels. They serve as the sec¬ 
ond filtering station for the inguinal lymph 
nodes and as the first filtering station for 
parts of the urinary bladder and vagina . 

The pariétal internai iliac nodes (B3) accom- 
pany the internai iliac vessels and drain the 
pelvic viscera, périnéal région, and inner and 
outer pelvic walls. 

Viscéral groups. Groups of lymph nodes 
lying near individual pelvic organs: 

The paravesical nodes (B4), arranged in 
various groups a round the urinary bladder, 
draining it as well as the prostate. 

The parauterine nodes (B5), lying adjacent to 
the utérus and mostly draining the cervix of 
utérus. 

The paravaginal nodes (B6), lying adjacent to 
the vagina and draining part of it. 

The pararectal nodes (B7). located in the con¬ 
nective tissue latéral and posterior to the 
rectum. They drain lymph from the rectum 
toward the inferior mesenteric nodes. 

The anorectal nodes (B8), despite their ana¬ 
tomie nomenclature, should not be con- 
sidered synonymous with pararectal nodes. 
The anorectal nodes receive lymph from the 
anal canal and drain via the superficial in¬ 
guinal nodes. 


tween the lower limb and trunk. They are lo¬ 
cated in the subeutaneous adipose tissue of 
the inguinal région and can be easily pal¬ 
pa ted if they become enlarged. They receive 
lymph from the superficial vessels of the leg 
as well as the anus, perineum, and extemal 
genitalia. They drain via the pariétal extemal 
iliac nodes. 

The deep inguinal nodes (CIO) lie deep to the 
fascia lata and receive lymph from the deep 
vessels of the leg. The uppermost lymph 
node belonging to this group, the Rosen- 
müller's node (proximal node), can be very 
large and located in the fémoral canal. 

In the lower limb, lymph nodes are often 
found in the popliteal fossa. The superficial 
popliteal nodes (Dll) lie at the proximal end 
of the small saphenous vein and the deep 
popliteal nodes (D12 ) along the popliteal 
artery. These serve as the filtering station 
for lymph from the foot and leg, on which 
occasionally an anterior tibial node, poste¬ 
rior tibial node, or fibular node is found. 

Clinical note. Précisé knowledge of the ré¬ 
gional lymph nodes adjacent to an organ is es- 
sential to removal of cancerous tu mors. Surgery 
usually removes both the affected organ and 
its lymph nodes, since the cancerous cells may 
already hâve spread to the nodes (metastasis). 

It should be noted that not ail cancers metasta- 
size via the lymphatic System. Because of their 
clinical importance, régional lymph nodes are 
also discussed in the sections on individual or¬ 
gans. 


Lower Limb 

The superficial inguinal nodes (C9) serve as 
major lymph node stations at the border be- 






Régional Lymph Nodes of Pelvis and Lower Limb 


85 




B Lymph nodes of female pelvis 


Cardiovascular System 
















Cardiovascular System 


86 


Cardiovascular System: Structure and Function of Blood and Lymphatic Vessels 


Structure and Function of 
Blood and Lymphatic Vessels 

The walls of blood and lymphatic vessels are 
very similar in terms of basic structure. The 
appearance of the vessel wall may vary by 
location, presenting characteristic modi¬ 
fications to accommodate functional de- 
• mands and stresses. 

Vessel Wall 

The vessel wall basically consists of three 
Iayers: 

the tunica interna (Al), or intima; tunica 
media (A2), or media; and tunica externa 
(A3), or adventitia. 

Tunica interna (intima), lt consists of a 
layer of longitudinally arranged, fiat en¬ 
dothélial cells (Al a) that usually rest on a 
basement membrane. Underneath this layer 
of cells there is a small amount of connec¬ 
tive tissue known as the subendothelial layer 
(Al b). Arterial walls additionally contain a 
fenestrated, elastic membrane, the internai 
elastic membrane (Al c). The tunica intima al- 
lows for the excbange of substances, fluids, 
and gases through the vessel wall. lt is 
directly affected by the shear force of blood 
fiowing through the vessel. 

In ail blood vessels the endothélial cells are 
connected by cell-cell contacts (consult a his- 
tology textbook for a detailed description). 
These vary in number and density according 
to the vessel segment and organ. Intercellu¬ 
lar junctions between arterial endothélial 
cells tend to be tight while those in capillar- 
ies and postcapillary venules are generally 
more permeable. The capillaries of some or- 
gans, however, hâve an especially dense 
barrier ( blood-brain barrier, blood-thymus 
barrier, blood-testis barrier, etc.). 

Tunica media. The tunica media consists of 
nearly concentric, i.e., fiat spirals of smooth 
muscle cells (A2 a) as well as interwoven elas¬ 
tic fibers. lt forms an especially thick layer in 
arteries and is usually thinner in veins. The 
tunica media must counteract the expan¬ 
sion of the vessel wall caused by the pres¬ 
sure of the blood and, by changing the ten¬ 


sion in the smooth muscle, it can adjust the 
luminal diameter of the vessel. 

Tunica externa (A3). The tunica externa 
consists of connective tissue (A3 b) which, in 
the walls of veins, is accompanied by smooth 
muscle cells. The cells and interwoven fibers 
of the tunica externa are arranged longi¬ 
tudinally. Arteries may also contain a thin 
extemal elastic membrane (A3 a) between the 
tunica media and tunica externa. 

The tunica externa embeds the vessel in the sur- 
rounding tissues and also counteracts external 
forces such as longitudinal stretching. In most 
veins it is therefore especially prominent. In areas 
where vessels are not subject to longitudinal 
stretching forces, such as the brain, the tunica ex¬ 
terna may be less prominent or even entirely ab¬ 
sent. 

In large vessels, the vasa vasorum (A3 c), i.e., 
blood vessels supplying the vessel walls, 
penetrate the tunica externa to the outer 
Iayers of the vessel wall. The inner Iayers are 
supplied by the blood fiowing through the 
vessel. Autonomie nerves, which supply ves¬ 
sel musculature, enter the vessel wall 
through the tunica externa. 

Intégration of blood vessels in the musculo- 
skeletal System. Arteries and their companion 
veins generally pass over the flexor surface of a joint 
(B). When a joint is flexed, the vessels are neither 
stretched nor compressed. The risk of kinking is 
avoided by the enclosure of blood vessels and ac- 
companying nerves in a malléable fat body. This 
allows the vessels to reduce their longitudinal 
tension and, thus, their absolute length so that 
they can accommodate strong flexion. 
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Régional Variation In Vessel Wall 
Structure—Arterial Vessels 

The walls of arteries vary in structure de- 
pending on their function and proximity to 
the heart: 

The aorta and large arteries near the heart 
are elastic arteries. Their walls hâve a distinct 
three-Iayered structure. The tunica intima (Al ) 
is thick due to its prominent subendothelial 
layer. The tunica media (A2) consists mainly 
of densely arranged elastic fenestrated 
membranes. The smooth muscle cells of the 
tunica media insert directly into these 
membranes and can adjust and regulate 
their tension. The tunica extema (A3) con- 
tains vasa vasorum and autonomie nerves 
within its connective tissue. 

Functional anatomy. The aorta and arteries close 
to the heart are directly exposed to pulsatile car- 
diac output. During systole (B) a portion of the 
blood ejected with each heart beat is stored in the 
vessel wall, the expansion of which is facilitated 
by the elastic membrane. During diastole (C) the 
elastic membrane acts as a type of “pressure réser¬ 
voir" . releasing the stored energy into the blood 
and propelling it toward the periphery of the 
body. 

Arteries further away from the heart in- 

clude large peripheral arteries (D) as well as 
ail medium-sized and smaller arteries of the 
systemic circulation (E). These are muscular 
arteries. Their tunica intima often consists of 
only endothélium and a small amount of 
subendothelial connective tissue. The inter¬ 
nai elastic membrane (D4) is a distinct layer 
composed of elastic fibers and lying be- 
tween the tunica intima and tunica media. 
Moving away from the heart, the tunica 
media contains fewer elastic fîber mesh- 
works, and smooth muscle cells predomi- 
nate. The tunica externa is best developed in 
medium-sized arteries and is often sepa- 
rated from the tunica media by an extemal 
elastic membrane (D5). 

Artérioles (F) are precapillary vessels with 
a diameter of only 20-40pm. Their tunica 
intima consists of endothélium and an inter¬ 
nai elastic membrane which may be in¬ 
complète. The tunica media of artérioles is 
composed of one or two concentric layers of 


smooth muscle cells, which facilitâtes their 
function as precapillary sphincters, allow- 
ing vessel diameter to adapt to regulate 
blood pressure and, at the same time, blood 
flow to the capillaries. 

Capillaries (G). The artérioles branch into 
capillaries, which hâve an average diameter 
of 5-15 pm and lack smooth muscle in their 
walls. Capillaries often form networks which 
are fed by numerous arteries. The capillary 
wall can be viewed as an endothélial tube 
(H). The endothélial cells (H6) are sur- 
rounded by a basement membrane (H7) and 
an outer covering of pericytes, both of which 
are identifiable by électron microscopy. 
Various structural types of the capillary wall 
can be distinguished by organ function: 
tightly sealed endothélia lacking fenestra¬ 
tion and with a continuous basement mem¬ 
brane (I); endothélia with intercellular 
fenestration with a diaphragm (11) or with 
intracellular pores (III), but in either case 
with a continuous basement membrane; 
and endothélia with intercellular gaps and a 
discontinuous basement membrane (IV). 
(These are found, for instance, in: I skeletal 
muscles, II gastrointestinal tract, 111 kidney 
glomerulus, IV liver sinuses). 

A few organs such as the liver, bone marrow, 
spleen, and some endocrine organs, contain 
very wide capillaries. These are known as si¬ 
nusoïdal capillaries or sinusoids. 

Vascular connections between artérioles 
and postcapillary venules (see p. 90) may 
bypass the capillaries. These are referred to 
as arteriovenous anastomoses and are most 
prédominant in acral régions (nose, finger- 
tips, etc.) and cavemous bodies. 
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Régional Variation in Vessel Wall 
Structure—Venous Vessels 

Venules (B). On the venous side of the capil- 
lary bed, the vessels are continuous with 
venules. Venules can basically be divided 
into three segments. Postcapillary venules 
hâve a diameter of up to 30 pm, and their 
walls are still lacking smooth muscle cells. 
Collecting venules hâve a diameter of up to 
50 pm and a tunica media consisting of fi¬ 
brocytes and contractile cells. These are 
continuous with muscular venules (B) which 
hâve a diameter of up to 100 pm and contain 
irregularly arranged smooth muscle cells in 
the tunica media of their thin walls, which 
allows for adjustment of vessel diameter. In 
some organs the venules are widened to 
form small “lakes,” or blood réservoirs. 
These vessels are referred to as sinusoidal 
veins or venous sinuses. 

Peripheral veins further from the heart 

(C) . Blood flows from the venules into small 
peripheral veins. For the most part, the 
structure of their walls varies according to 
the vessel size and the respective région of 
the body. Veins generally hâve thinner walls 
than their companion arteries and it is often 
difficult to clearly discern the three layers. 

In small veins the tunica intima (Cl) is 
poorly developed and lacks subendothelial 
connective tissue; the thin tunica media 
(C2) is composed of smooth muscle cells, 
lying in a fiat, spiral arrangement, accom- 
panied by connective tissue. The tunica 
media blends in with the tunica extema 
(C3), which consists of collagen fibers, inter- 
woven elastic fibers, and, with increasing 
vessel caliber, bundles of smooth muscle 
cells. 

Small veins give rise to large peripheral veins 

(D) , the structure of which largely resembles 
that of the smaller veins. The number of 
smooth muscle cells in the tunica extema 
increases with increasing vessel caliber. 
Veins of the body wall and Iimbs contain 
valves (DE) formed by the tunica intima. The 
valves are thus composed of connective 
tissue, and their surfaces are completely 
lined by endothélium.They resemble pocket 
valves with two pockets. 


Functional anatomy. Although the veins of some or¬ 
gans do not contain any valves (e.g., brain, kidney, 
liver), valves are often présent in the lower half of 
the body: in the lower limb, the walls of the veins 
are compressed by contracting skeletal muscle, 
which acts as a type of “muscle pump" directing 
blood through the pocket-shaped valves toward 
the heart. Venous return of blood to the heart is 
also facilitated by vascular bundles (F), usually con¬ 
sisting of two companion veins of a small or me- 
dium-sized artery, and bound to the arterial wall 
by connective tissue in such a manner that the 
arterial puise wave narrows the lumen of the vein 
and propels the blood in the vein toward the 
heart. 

Large veins near the heart. In the upper 
half of the body, the walls of veins contain 
scant smooth muscle bundles. The main 
trunk for the lower half of the body, the infe- 
rior vena cava (G), on the contrary. contains 
abundant smooth muscle cells: in the sub¬ 
endothelial connective tissue of the tunica 
intima (G1 ) there are longitudinally oriented 
muscle bundles; the thin tunica media (G2) 
contains a few circularly oriented bundles; 
and the extremely wide tunica extema (G3) 
has numerous bundles of longitudinally 
oriented muscle cells. 

In general, veins collect large amounts of 
blood with minimal changes in pressure, 
hence the term “capacitance vessels.” 

Clinical note. Emargement of veins (usually in 
the lower limb) can lead to valve insufficiency 
and subséquent outpouchings in the wall of 
the vein called varices or varicoseveins. 

Lymphatic vessels. The structure of the 
walls of lymphatic vessels and trunks re¬ 
sembles that of the veins. Lymphatic capil- 
laries consist of a layer of endothélial cells 
and often lack a basement membrane. 
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Anatomical Division of the 1 
Respiratoiy System 

The primary task of the organs of respira¬ 
tion, or respiratory apparatus^. is "external 
respiration" : extracting oxygen from the air 
and releasing carbon dioxide from the 
blood. The respiratory System is thus made 
up of surfaces for gas exchange and pas¬ 
sages that conduct air. The surfaces for gas ex¬ 
change consist of the combined surface area 
of alL blind ending pulmonary alveoli whioli 
is very large, measuring 200 m 2 . The pulmo¬ 
nary alveoli make up a signifïcant portion of 
the lungs (Al). Inhaled air reaches the pul¬ 
monary alveoli through the conducting air- 
ways consisting of the nose and nasal cavity 
(A2), pharynx (A3), larynx (M), trachea (AS), 
and numerous levels of the bronchial tree 
(A6). Although the main bronchi lie outside 
the lungs, most of the branches of the 
bronchial tree are contained within them. 
On its way though the organs of the con¬ 
ducting airways to the alveoli, inhaled air is 
filtered, humidifïed, and warmed. 

Along with gas exchange the respiratory or¬ 
gans also serve other functions. These in- 
clude a filtering and protective function of the 
entire respiratory apparatus; production of 
sounds and vocalization by the larynx and ad¬ 
jacent structures; and olfactory perception by 
the olfactory organ situated in the nose. 


exchanging surfaces of the alveoli. Each lun 
is contained within the thorax in a pleun 
cavity (A7) which is lined by a serous mell 
brane and borders medially with the med 
astinum. 

The respiratory organs are derived from the pajt< 
the digestivetube locatedin the head, which ariS 
from the inner germ layerknown as the endode: 
(see Colon Atlas of Embryology). 


Clinical Division of the Respiratory 
System 

In clinical practice respiratory organs can be 
divided into upper and lower airways. The 
upper airwdys are chiefly contained in the 
head and include alll structures located 
above the larynx, i.e., the nasal cavities, adja¬ 
cent paranasal sinuses, and pharynx, The para- 
nasal sinuses are pneumatized spaces oc- 
cupying the cranial bones connected to the 
nasal cavity. In the pharynx, the respiratory 
and alimentary passages intersect. . The 
lower airwdys lie in the neck and thorax and 
consist of the larynx, trachea, and bronchial 
tree including its branches as far as the gas- 
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Resoiratorv System : Nose 


Nose 

External Nose 

The external nose (A) is unique to humans 
and consists of that part of the nose which 
protrudes from the face and is made up of 
an osseocartilaginous framework. The part 
of the framework formed by the root of the 
nose (Al) is made up of bone (8). It consists 
of the tw.o nasal bones (82) and the frontal 
process of the maxilla (83) (see VoL l,p. 292), 
which frame the pkiform aperture (84) 
anteriorLy. The piriform aperture is com- 
pleted by plates and rings of hyaline car¬ 
tilage known as the nasal cartilages (C): The 
paired, triangular cartilaginous plate of the 
latéral process (C5) forms the foundation for 
the latéral nasal wall and the dorsum of the 
nose (AC6). It curves medially to become 
continuous with the cartilage of the nasal 
septum (see p. 100). The supporting frame¬ 
work of the ala ofthe nose (AC7) is formed on 
each side by the large, curved major alar 
cartilage (C8) and three or four small minor 
alar cartilages. The major alar cartilage sur¬ 
rounds the nostrils (C9), with the latéral crus 
(C8 a), which bounds them laterally, and the 
médial crus (C8 b), directed toward the sep¬ 
tum. A smaLL groove is formed at the apex of 
the nose (AD 10) where the two major alar 
cartilages cuîve around from either side. 
The nasal cartilages are connected with 
each other and the surrounding bone by 
fibrous connective tissue. They lend the ex- 
temal nose a certain rigidity ' and ensurb that 
the paired nasal cavity and nostrils remain 
open. 

Around the nose there are numerous subcu- 
taneous mimeticmusd.es (see Vo.L l,p. 320) 
whose libers mainly insert into the skin of 
the ala of the nose and nasolabial groove 
(Ail). The mimetic muscles not only control 
the involvement of the nose in facial expres¬ 
sion, they also serve to dilate and construit 
the nostrils. Most of the external nose is 
covered by a thin layer of skin, which is 
thicker over the alae and apex. The skin of 
the nose contains numerous large sebaceous 
glands. 


The nostrils (nares) (D), which are typicalL- 
elliptical, form the entrance to the right ani 
left nasal cavity, in front of each of which lie 
the nasal vestibule (DI2). The lumen of thl 
nasal vestibule is lined with skin and nor 
mally contains short, brush-like hairs ojves 
tibule of nose (D13), which act like a weir tl 
trap large partiales from inhaled air. Th] 
openings of the nostrils lie approximately il 
a transverse plane. 

Neurovascular supply. The external nose i 
supplied by the angular arteiy, which arise 
from the facial artery: the posterior nasa 
arteiy from the ophthalmic artery: and thl 
infraorbital arteiy from the maxillary arteJ} 
Venous drainage is supplied by the facialvei 
and superior ophthalmic. vein (see VoL l,f 
336). 

Sensory innervation ofthe skin ofthe exter 
nal nose is supplied by branches of the oph 
thalmic nerve and maxillary nerve (see Vol 1,~ 
336). Motor innervation of the mimeti, 
muscles around the nose is provided by thl 
facial nerve. 

Cbnical note. The veins draïning inta the facial 
vein and ophthalmic vein anastomose be- 
tween the médial angle ofthe eye and the root 
of the nose. In inflammation involving the 
latéral part of the face and external nose, bac- 
teria can thus reach the deep venous sinuses of 
the cranial cavity and cause venous sinus tbrom- 
bosis. 
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Nasal Cavity 

The nasal cavity is divided into right and lefl 
halves by the nasal septum. The opening of the 
paired nasal cavity at the external nostrils is 
directed outward. anteriorly. and inferiorly. 
Each half ofthe nasal cavity opens posteri- 
orly through an internai nasaL aperture. the 
choana. into the continuation of the nasal 
cavity. the nasopharynx. Each half of the 
nasal cavity has a !loor. a roof, and a latéral 
and médial wall. The !loor ofthe nasal cavity 
is wider. and its roof consists of only a nar- 
row ridge. 

Latéral Wall 

Bony structure (A). The bony latéral wall of 
the nasal cavity is formed anteriorly by the 
maxilla (Al), posteriorly by the perpendiuular 
plate of the palatine (A2). and superiorly by 
the ethmoid (A3). The ethmoid contains 
numerous variously sized ethmoidal ce II s 
and forms the bony boundary between the 
nasal cavity and orbit.. The two thin bony 
plates forming the superior nasal concha 
(AB4) and middle nasal concha (ABS) are also 
part ofthe ethmoid; the inferior nasal concha 
(AB6) is formed by a separate bone. Each of 
the conchae projects over a nasal meatus of 
the same name. into which the paranasal 
sinuses and lacrimal duct open (see p. 104). 
The small. superior nasal concha projects 
above the superior nasal meatus. into which 
the posterior ethmoidal cells open. Situated 
between the superior nasal concha. the ad¬ 
jacent body of the sphenoid (A7). and the 
nasal septum is the narrow sphenoethmoidal 
recess (AS), into which the sphenoidal sinus 
opens. Immediately below it is the sphe&o- 
palatine notch (A9) which leads to the ptery- 
gopalatine fossa. The large, middle nasal 
concha covers the middle nasal meatus. into 
which the frontal sinus, maxillary sinus, and 
anterjôr ethmoidal celis open. The inferior 
portion of the ethmoid forms the uncinate 
process which projects into the middle nasal 
meatus and covers the orifice of the maxil¬ 
lary sinus. Bulging out over the uncinate 
process is a large anterior ethmoidal cell 
called the ethmoidal huila (see p. 104). The 
thin. inferior nasal concha covers the inferior 


nasal meatus. which contains the opening of 
the nasolacrjmal duct * 

Mucosal landmarks (B). The nasal mucosa 
can be divided into three parts; the anterior 
nasal vestibule, respiratory région, and ol- 
factory région. The nasal vestibule forms the 
entrance to the nasal cavity. It lies within 
the nostrils and is lined with skin. It is sepa- 
rated from the respiratory région by a curved 
ridge known as the limen nasi (B10). The 
respiratory région reflects the bony relief 
pattern of the latéral nasal wall. especially 
the protruding nasal conchae. Its mucosa 
is covered by pseudostratified. ciliated 
epithelium and contains numerous mixed 
glands, the nasal glands. The olfactory région 
is a circumscribed area on the latéral nasal 
wall above the superior nasal concha. 

Neurovasculax supply (C). The anterior and 
superior parts of the latéral nasaL wall are 
supplied by branches from the anterior (Cil) 
and posterior (Cl 2) ethmoidal arteries which 
arise from the ophthalmic artery; the poste¬ 
rior and inferior parts are supplied by 
branches of the sphenopalatine artery (Cl 3). 
whish arises from the maxillary artery. The 
veins draining the région parallel the course 
of the arteries. draining via the ethmoidal 
veins into the ophthalmic vein; through the 
sphenopalatine notch via the venous ptery- 
goid plexus; and from the nasal vestibule via 
the facial vein. The anterior and superior por¬ 
tions of the nasal mucosa are supplied by 
sensory branches from the ophthalmiu nerve; 
the posterior and inferior portions are sup¬ 
plied by branches of the maxillary nerve. The 
nerves take the same name as the arteries 
that they accompany. Innervation of the 
nasal glands is identical to that of the lacri- 
mal glands (see Vol 3. p. 128). 
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Nasal Cavity, cont. 

Médial Wall 

The nasal septum _ (A) extends slightly out 
ofthe nasal cavity into the extemal nose. Its 
posterior and inferior portions consist of a 
bony part, and its anterior portion of a car¬ 
tilaginous part and membranous part. 

Bony part: (A). The upper part of the bony 
nasal septum is formed by the perpendioular 
plate ofthe ethmoid (Al), a sagittally oriented 
bony plate inserted into the bony roof of the 
nasal cavity. The anterior and superior parts 
of the bony roof of the nasal cavity are 
formed by the nasal bone (A2) and the nasal 
part ofthe frontal bone (A3), the central and 
superior parts are formed by the cribriform 
plate of the ethmoid (A4), and the posterior 
part by the body ofthe sphenoid (AS). Articu- 
lating with the anteroinferior part of the 
perpendicular plate of the ethmoid is the 
vomer (A6). The caudal portion of this un- 
paired bone is inserted into the bony floor of 
the nasal cavity, which is formed by the 
palatine process of the maxilla (A7) and the 
horizontal plate ofthe palatine bone (A8). The 
posterosuperior part of the vomer articu¬ 
lâtes with the sphenoid. The free posterior 
margin of the vomer forms the médial 
boundary ofthe choana (A9). 

Cartilagîplons and membranous parts; (A). 
Extending from the cartilaginous part of the 
nasal septum (A10) the thin. variably long 
posterior process (Ail) is inserted into the 
gap between the twû thin bony plates in the 
anterior part of the nasal septum. At the 
dorsum ofthe nose, the cartilaginous part of 
the nasal septum contributes to the forma¬ 
tion of the extemal nose with the T-shaped 
latéral process (see p. 96). Inferiorly, the mé¬ 
dial crûs (AU) of the major alar cartilage at¬ 
taches to the cartilaginous nasal septum. 
The vomeronasal cartilage, a thickened car¬ 
tilaginous ridge, lies between the car¬ 
tilaginous and bony parts of the nasal sep¬ 
tum. In the adult, the nasal septum usually 
deviates from the midline at this site (de- 
viated septum) so that the two sides of the 
nasal cavities are ofunequal size. 


Mucosa (8). The mucosa lying opposite the 
inferior and middle nasaL conchae lines the 
respiratory région. It contains a well- 
developed cavemous plexus, the anterior 
part of which is usually identifiable as mu- 
cosal thickening and is the most frequent 
site of épistaxis (formerly known as Kiessel- 
bach 's plexus). The olfactory région is located 
on the upper part ofthe nasal septum where 
it meets the cribriform plate. 

Neurovascular supply (C). The anterior and 
superior portions of the nasal septum are 
similar to the latéral nasal wall, supplied by 
branches ofthe anterior (Cl3 a) and posterior 
ethmoidal arteries (03 b), which are given off 
by the ophthalmic artery. The posterior por¬ 
tion. is supplied by branches from. the 
sphenopalatine artery (04), given off by the 
maxillary artery. The sphenopalatine artery 
travels through the incisive canal (Cls) in 
the hard palate to anastomose with the 
greater palatine artery. Venous drainage of 
the nasal septum corresponds for the most 
part to that of the latéral nasal wall.. Sensory 
innervation is provided by branches of the 
ophthalmia nerve and maxillary nerve. One of 
the terminal branches of the maxillary 
nerve to the nasal septum travels as the na- 
sopalatine nerve (06) through the incisive 
canal to the inferior side of the palate. 

Lymphaticw drainage. Lymph from the ante¬ 
rior portion of the nose drains to the sub- 
mandibular lymph nodes and the superfloial 
nodes of the front of the necL Lymph from 
the posterior portion drains to the retro- 
pharyngeal and deep cervical lymph nodes. 

Histology of nasal mucosa. The mucosa of 
the respiratory région is lined by pseudo- 
stratifïed, ciliated epithelium. The QÏlia wave 
toward the pharynx, spreading the mucus 
produced by goblet cells and smaïï nasal 
glands over the surface. The nasal mucosa 
contains veins which form the cavemous 
plexus of conchae in the walls of the con¬ 
chae. Olfactoiy epithelium is composed of ol¬ 
factory cells, supporting cells, and basal cells 
(see Vol 3. p. 330). 

Clinical note. A severely deviated septum can 
impair nasal breathing on the affected side of 
the nose. 
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Paranasal Sinuses 

The paired paranasal sinuses (A-C) are mu- 
cosa-lined cavities within the bones adjacent 
to the nasal cavity. They are connected to the 
nasal cavities by small ostia in the latéral 
nasal wall thraugh which the respiratory 
epithelium ofthe nasal cavity continues into 
the paranasal sinuses where it is thinner 
and less well vascularized. The paranasal 
sinuses are rudimentary at birth and do not 
attain their full size until after éruption of 
the permanent teeth. 

Frontal sinus (AB1). One frontal sinus lies 
on either side behind the supercilïary arch 
(AB2) of the frontal bone. A variable septum 
(A3) séparâtes the right and left frontal 
sinuses, typically dividing the irregular 
cavities asymmetrically, and often deviating 
from the midline. The roof and posterior wall 
ofthe frontal sinus border with the anter,ior 
cranial fossa; its floor, often a thin bony 
plate, borders with the orbit (A4). The fron¬ 
tal sinus is drained into the middle nasal 
meatus. 

Ethmoidal cells (ABS). The ethmoidal cells 
are numerous cavities separated by thin, in¬ 
complète walls within the ethmoid which 
collectively form the ethmoidal labyrinth. 
On each side the ethmoidal cells are divided 
into anterior, middle, and posterior groups. 
The cells are highly variable. The largest cell, 
the ethmoidal bulla, is located on the latéral 
nasal wall above the hiatus semïlunaris. The 
ethmoidal cells border medialljy with the 
upper part ofthe nasal cavity (AG)and later- 
allywith the orbit, ffom which they are sep¬ 
arated by only a paper-thin plate of bone. 
They are adjacent to the anterior cranial 
fossa above and the maxillary sinus below. 
Depending on their location, the groups of 
ethmoidal cells open into the middle or su- 
pevior nasal meatus. 

Maxillary sinus (A-C7)> The maxillary sinus 
is the largest of the paranasal sinuses, 
completely fllling the body of the maxilla. Its 
roof forrns the floor of the orbit., Aoteriorfy 
and lateralïly the maxillary ’ sinus is bounded 
by the facial surface of the maxilla; protrud- 
ing from it posteriorly is the maxillary 


tuberosity (B8); medially it borders with the 
nasal cavity. The floor of the maxillary sinus 
extends into the dentol arch of the maxilla; 
its lowest point is between. the molar teeth 
and fîrst premolar tooth. The maxillary 
sinus opens through its roof into the middle 
nasal meatus. 

Sphenoidal sinus (BC9). The paired sphe- 
noidal sinus lies in the body ofthe sphenoid 
behind the nasal cavity, from whose poste¬ 
rior portion it originally develops. A septum 
divides the variable right and left sphe¬ 
noidal sinuses and may deviate to one side. 
The sphenoidal sinus borders anteriorly with 
the ethmoidal cells; anteriorly and superi- 
orly with the optic canal; posteriorly and su- 
periorly with the hypophysial fossa (BIO), 
which houses the pituitary gland (Cil); and 
laterallty with the carotid sulcus which has 
topographie relations to the internai carotid 
artery (Cl 2) and cavernous sinus (Cl 3). The 
sphenoidal sinus opens into the sphenoeth- 
moidaf recess. 

Neurovascular supply and lymphatic*. 

drainage. Arterial supply, as well as venous 
and lymphatic drainage of the paranasal 
sinuses, corresponds to that of the nasal 
cavity. 

Clinîcal note. Infections involving the nasal 
mucosa can spread to the paranasal sinuses 
though openings connecting them to the nasal 
cavity. Poorer circulation and unfavorably sit- 
uated openings can cause impaired drainage of 
sécrétion ftoen the paranasal sinuses and lead 
ta chrome innanimation.. Surgical approaches 
through the nasal cavity and sphenoidal sinus 
may be used to access the pituitary gland (C). 
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Openings of Paranasal Sinuses and Mary sinus (Cl 2) with its opening into the 
Nasal Meatuses middle nasal meatus. 


Between the posterior margin of the supe- 
rior nasal concha (A-Cl) and the anterior 
margin of the body of the sphenoid is the 
sphenoethmoidal recess (Al) into which the 
sphenoidal sinus opens (AB3). The bulging 
posterior ethmoidal cells (A4) cover the 
opening of the sphenoidal sinus, which is 
often difïïcult to access. 

The posterior ethmoidal cells hâve 1-2 open¬ 
ings which open below the superior nasal 
concha into the superior nasal meatus (ACS). 

The complex relations of the middle nasal 
meatus (A-C7), situated below the middle 
nasal concha, are visible only after removal 
of the middle nasal concha. The middle 
nasal meatus contains the hiatus semilunaris 
(AB8), a curved crevice bounded inferiorly 
by a mucosal fold covering the unçinate 
process (A9) and superiorly by the bulging 
ethmoidal bulla (AI0). The frontal sinus 
(ABU) opens anteriorly and superiorly 
above the hiatus semilunaris; the anterior 
ethmoidal cells open behind the frontal sinus 
and, at the lowest point, the maxillary sinus 
(Cl 2) opens. The middle ethmoidal cells open 
above the ethmoidal bulla, which opens su¬ 
periorly. 

The anterior portion of the inferior nasaj. mea¬ 
tus (ACM), which lies below the inferior nasal 
concha (A-C13), contains the opening of the 
nasolacrimal duct (AIS). 

The nasopharyngeal meatus (Al 6) extends 
from. the posterior border of the nasal con- 
chae to the choanae. It contains the spheno- 
palatine foramen (A17) at the level of the 
middle nasal concha. 


A frontal section through the posterior one- 
thiïd of the nasal cavity shows ail of the nasal 
conchae. Here the nasal septum consists en- 
tirely of bone. The paranasal sinuses visible 
in this section are the posterior portion of 
the maxillary sinus and the posterior eth¬ 
moidal cells. 

Cl 9 Ethmoidal cells 


Frontal Sections through the Nasal Cavity 

(ei) 

A frontal section between the anterior and 
middle one-thiad of the nasal cavity shows 
only the inferior {Cl 3) and middle (C6) nasal 
conchae as welL as the undnate process (C9). 
In this région the nasal septum (Cl 8) con¬ 
sists of cartilaginous and bony parts. The 
only identifiable paranasal sinus is the max- 
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Posterior Nasal Apertures 

Each of the nasal cavities opens through a 
posterior nasal aperture. the choana. into 
the upper portion ofthe pharynx, the paso- 
pharynx (or epipharynx). 

Bony margins (A). The bony superior margin 
of each choana is fonned by the body of the 
sphenoid (AC1). which is continuons above 
and lateralbjr with the root of the médial 
plate of the pterygoid process (A2). The latter 
is penetrated by the pterygoid canal (A3). 
The médial wall! of the choana is formed by 
the vomer (A4), a sagittallyl oriented bony 
plate. The ala of the vomer (AS) is inserted 
superiorly into the roof of the choana. The 
vomer articulâtes inferiorly with the poste¬ 
rior nasal spine (AG) of the palatine bone. 
The horizontal plate of the palatine bone (A7) 
forms the inferior border of the choanae. 
The latéral border is formed by the perpen- 
dicülar plate of the palatine bone which 
further laterallÿ articulâtes with the médial 
plate of the pterygoid process. The posterior 
view of the choanae alliows visualization of 
the inferior (AS) and middle (A9) nasal con- 
chae as welll as the ethmoidal bull a (A10) and 
undnate process (Ail). 

Al 2 Basilar part of occipital bone. An Petrous 
part of temporal bone 

Mucosal landmarks (B). The mucosal 
structure differs according to the bony 
structures as welll as the muscles and ten¬ 
dons ofthe soft palate which frame the pos¬ 
terior nasal apertures. 

8C14 Cut edge of posterior wall of pharynx. 8C15 
Uvula. 816 Base of tongue. 817’Soft palate 

Nasopharynx 

The following section addresses only the 
mucosal structure of the nasopharynx . (C). 
which serves exclusively as a passageway 
for air (the pharynx is discussed with the 
alitmentary System on p. 168). 

The nasopharynx is continuous with the 
choanae. It is bounded superiorly by the 
cranial base, and latera)Jl|y and posteriorly by 
the pharyngeal wall.' The inferior boundary 
between the nasopharynx and the middle 


segment of the pharynx, the oropharynx, is 
formed by the soft palate (BC17)(see p. 146). 
In the dôme of the vault of the pharynx (Cl 8) 
and the upper portions ofthe posterior and 
latéral nasopharyngeal walls lies lymphoid 
tissue which is collectively referred to as the 
pharyngeal tonsil (Cl9) (see p. 396). In the 
latéral walL 1-1.5 cm from the posterior 
border of the inferior nasal concha the 
pharyngeal opening ofthe auditory tube (C20) is 
located. which leads into the auditory tube 
connecting the nasopharynx and middle 
ear, The opening of the tube is formed by the 
cartilaginous part of the auditory tube, which 
produces an élévation in the mucosa known 
as the torus tubanms (C21) in front of. above. 
and behind the opening. Behind the toruç 
tubarius is the pharyngeal recess (C22). Below 
the pharyngeal opening ofthe auditory tube 
is a less prominent mucosal élévation 
known as the torus levatorius (C23) which is 
produced by the levator veli palatini. a 
musde ofthe soft palate. If large masses of 
lymphoid tissue are présent, the pharyngeal 
tonsil can extend as far as the région around 
the pharyngeal opening of the auditory 
tube, forming the tubal tonsil (see p. 396). 

Clihical note. An entarged pharyngeal tonsil can 
occur in children. displacing the choanae and 
impairing nasal breathing or displacing the 
pharyngeal opening of the auditory tube, lead- 
ing to abnormal ventilation of the auditory 
tube. A probe and cathéter can be mtroduced 
through the inferior nasal meatus into the 
pharyngeal opening of the auditory tube. The 
torus tubarius and torus levatorius can serve as 
anatomical landmarks. 
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A Bony margins of 

posterior nasal apertures 
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B Posterior nasal apertures, 
mucosal structure 


C Nasopharyngeal mucosa, 
médian sagittal section 
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Larynx 

The larynx^ is an orgatn ofthe conduçting airway 
that extends from the inferior, laryngeal 
part of the pharynx to the trachea (A). The 
larynx has the important task of çlosing off 
the lower airways from the pharynx. In addi¬ 
tion, it also contributes to the régulation of 
vocalization, or phonation. The larynx is lo- 
cated opposite C3-C6 in men, but is higher 
in women and children. 

The supporting framework of the larynx, 
the laryngeal skeleton, consists of cartilages 
that are joined by ligaments and mem¬ 
branes and moved by mus oie. 

Laryngeal Skeleton 

Thyroid cartilage (B). The thyroid cartilage 
consists of two four-sided hyaline cartilage 
plates known as the right (Bl) and left 
laminae (B2). The inferior portions of the 
laminae unité anteriorly to form a midline 
wedge. Because of the shape of the plates, 
the upper part of the wedge projects fur- 
thest outward and is visible and palpable, 
espeoially in men, as the laryngeal promi- 
nence (B3), commonly known as the 
"Adam's apple. , . , ' , Above the laryngeal promi- 
nence there is a notch in the uppermost 
margin, the supeiior thyroid notch (84)- The 
laminae diverge posteriorly, and their pos- 
terior borders give rise to two narrow pro¬ 
jections., the supeiior hom (B5), projecting 
superiorly and the inferior horn (B6), pro¬ 
jecting inferiorly. The lattër beaçs an articu- 
lar facet, the cricoid articular surface (B7), 
for articulation with the cricoid cartilage. 
The outer surface of each lamina has a ridge 
known as the oblique line (B8) which divides 
into an anterior and a posterior facet The 
anterior facet gives rise to the thyrohyoid 
and the posterior gives attachaient to the 
sternothyroid and inferior constr.ictor musçle 
of the pharynx. 

Cricoid cartilage (C). The cricoid cartilage is 
composed of hyaline cartilage. It is shaped 
like a signet ring encircling the airway with 
a posterior lamina, the lamina of cricoid car¬ 
tilage (C9), and an. anterior arch, the arch of 
eri«oid cartilage (CIO). At the junction of the 


lamina and arch on either side there is a 
caudal artioular facet known as the thyroid 
articular surface (Cil) which artiqulates 
with the inferior hom of the thyroid car¬ 
tilage. The superior border ofeach lamina of 
the cricoid cartilage bears two articular 
facets, the arytenoid articular surfaces (Cl 2), 
for articulation with the two arytenoid car¬ 
tilages. 

Arytenoid caftilage (D). The two pyramid- 
shaped arytenoid cartilages, or arytenoids, 
consist mainly of hyaline cartilage. Each has 
three surfaces (antérolatéral, médial, and pos¬ 
terior) as wel! as three borders, an apex, base, 
and two processes. The apex of arytenoid car¬ 
tilage (D13) is tilted medially and posteriorly 
and cames the corniculate cartilage (D14). 
The base ofeach arytenoid cartilage (D15) has 
an articular surface (DI 6) that is lined with 
cartilage and articulâtes with the cricoid 
cartilage. The base tapers into two processes: 
the laterall^ and posteriorly directed 
muscular process (D17) gives attachaient to 
two laryngeal muscles while the anteriorly 
projecting vocal process (DI 8) gives attach¬ 
aient to the vocalligament. . 

Epiglottic.. cartilage (E). The leaf-shaped 
epiglottic cartilage is composed of elastic 
cartilage and is attached by its stem, the 
stalk ofepiglottis (El9) to the inner surface of 
the thyroid cartilage (see A). The convex 
anterior surface (E20) of the epiglottis faces 
the pharynx. It is lined with nonkeratinized, 
stratifled squamous epithelium. The concave 
posterior surface faces the laryngeal inlet and 
is lined with respiratory epithelium. The 
epiglottic v. cartilage resembles a sieve with 
perforations giving passage to vessels and 
"packages” ofglandular tissue. 

The hyaline cartilage of the laryngeal cartilages 
ossifïesat the end ofpuberty. Ossification occurs 
earlier and more extensively in boys than in girls. 
The elastic epiglottic cartilage undergoes régres¬ 
sive changes, but does not ossify. 
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A Position of larynx 


B Thyroid cartilage, 
latéral oblique view 



C Cricoid cartilage from posterior, anterior, and latéral 
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0 Right arytenoid cartilage, 16 
latéral and médial views 



E Epiglottic cartilkge, 

anterior and latéral views 
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Structures Connecting the 
Laryngeal Cartilages 

The laryngeal cartilages are connected to 
each other, the hyoid bone, and trachea by 
ligaments, joints, and membranes. 

Laryngeal Ligaments (A-C) 

Stretched between the superior border of the 
thyroid cartilage (Al) and the hyoid bone 
(A2) is the thymhyoid membrane (AB3). The 
thickened portion ofthe membrane forms a 
band of fîbers that extends between the su- 
\ perior thyroid notch (A4) and the body of 

the hyoid bone (AS) known as the médian 
thyrohyoid ligament (A6). The portion of the 
membrane lying latéral to it is thinner and 
perforated to allow the passage of the supe- 
rior laryngeal vessels and internai branch of 
the superior laryngeal nerve (A7). Another 
thickened portion of the membrane, the 
latéral thyrohyoid ligament (A-C10), passes 
between the superior hom of the thyroid 
cartilage (A8) and the posterior end of the 
greater hom ofthe hyoid bone (AB9). Itcon- 
tains a smalL cartilage known as the triticeal 
cartilage (A-Cn). The inferior border of the 
thyroid cartilage is connected anteriorly 
with the arch of the cricoid cartilage by the 
médian cricothyroid ligament (AC 12), which 
consists mainly ofelastic fîbers. This band is 
part of the conus elasticus (ACt3). The cricoid 
cartilage is connected caudally to the first 
trachéal cartilage by the crigotracheal liga¬ 
ment (AC 14). The stalk ofthe epiglottis is con¬ 
nected by the thyroepiglottis. ligament (BC1S) 
to the inner surface of the prow-like projec¬ 
tion of the lamina of the thyroid cartilage. The 
epiglottis is connected anterosuperiorly by 
the hyoepiglottic ligament (C16)to the body of 
the hyoid bone. 

Laryngeal Joints (A-C) 

The cricothyroid joint (A-C 17) is a bilateral 
articulation formed between the inferior 
hom of the thyroid cartilage and the poste- 
rior, latéral surface of the lamina of cricoid 
cartilage. Itpermits tilting ofthe cricoid car¬ 
tilage against the thyroid cartilage around a 
horizontal axis passing through both joints. 
This tilting motion, changes the distance be¬ 


tween the inner surface of the prow-likE 
projection of the lamina of the thyroid car- 
tilage and the vocal processes. 

The crieoarytenoid joint (Bet8) is a bilateral 
articulation between the articular surfaces 
on the base of the arytenoid cartilage and the 
superior border of the lamina of the cricoia 
cartilage. The joint is loosely surrounded by 
a capsule whioh is reinforced posteriorly by 
the crieoarytenoid ligament (Cl 9). The cri- 
coarytenoid joints permit two different 
movements. The arytenoid cartilage allows 
rotational and sliding movement, whereby the 
vocal prôcess glides medially or laterally. 
Rotational movement is accompanied by 
tilting of the arytenoid cartilages. Gliding 
movement allows the arytenoid cartilages tq 
move toward or away from each other.. In- 
dividual movements can be combined per- 
mitting the vocal process a large radius of 
motion. 

Laryngeal Membranes (e-O) 

The submucosal connective tissue of the 
larynx contains abundant elastiq, fîbers and 
is collectively referred to as the fïbroelastic ^ 
membrane of larynx.. The upper portion lies 
beneath the laryngeal mucosa, extends as 
far as the vestibular fold (see p. 1 14), and is 
composed of a thin quadrangular membrane 
(D20). The free inferior margin ofthe quad¬ 
rangular membrane forms the vestibular 
ligament (D21). The inferior portion ofthe fï- 
brôelastic membrane ofthe larynx isthicker 
and is known as the conus elasticus (Dt3). It 
arises from the inner surface of the cricoid 
cartilage and is continuous with the vocal 
fold, whose thickened margin forms the bi¬ 
lateral vocal ligament (CD22). The anterior 
portion of the conus elasticus is tough and 
forms the médian cricothyroid ligament 
(AC 12) extending between the cricoid and 
thyroid cartilages. 

Cknieâl note. If a life-threatening glosure of 
the rima glottidis occurs, an airway can be es- 
tablished by incision or puncture through the 
médian cricothyroid ligament, whiqh lies 
below the level of the rima glottidis. This pro¬ 
cedure is known as cricothyrotomy. 




Ligaments of Laryngeal Cartilages 



A Laryngeal cartilages and 

ligaments, latéral oblique view 


B Laryngeal cartilages and 
ligaments, posterior view 


D Larynx, frontal section 


] C Laryngeal cartilages and ligaments, 
cutaway view, latéral oblique view 
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Laryngeal Muscles 

The true laryngeal musclés act to move the 
laryngeal cartilages against each other and to 
influence the position and tension of the 
vocal ligaments. Depending on position and 
origin, the musGlès of the larynx can be 
divided into extrinsic. and intrinsiç, laryngeal 
muscles. In addition, there are musclés that 
move the larynx as a whole (infra hyoid mus¬ 
cles , see Vol. l,p. 326; suprahyoid musses ; 
and inferïor constrdctor muscle of pharynx, 
see p. 168). 

Extrinsic,. Laryngeal Muscles 

The crisothyroid (Al) is the only extrinsic 
laryngeal musGlè. It arises bilaterally ante- 
rior to the cricoid cartilage and consists of 
two portions, a straight part (Al a) and an ob¬ 
lique part (Alb), which pass to the inferior 
border of the thyroid cartilage and to the 
inner surface of the inferior hom of the thy¬ 
roid cartilage. If the thyroid cartilage is fïxed, 
the cricothyroid tilts the cricoid cartilage 
posteriorLy against the thyroid cartilage, 
tensing the vocal ligament. . 


the vocaL process to move toward the mid- 
line, closing the rima glottidis. 

Vocalis (B5). It arises bilaterally from the 
poster,ior surface of the thyroid cartilage and 
passes to the vocal process of the arytenoid 
cartilage. It draws the thyroid cartilage 
toward the vocal process and completely 
closes the rima glottidis by becoming 
thicker as it contracts. The mostly isométrie^ 
contraction of the muscle tenses the vocal 
fold and adjusts tension. The vocalis is con¬ 
tinuons laterally with a broad, thin layer of 
mus dé known as the thyroarytenoid. 

Thyroarytenoid (CD6). The thyroarytenoid 
originates from the inner surface of the thy¬ 
roid cartilage and attaches to the latéral sur¬ 
face of the arytenoid cartilage. Contraction of 
the thyroarytenoid draws the arytenoid car¬ 
tilages forward, shortens the vocal fold, and 
closes the anterior, larger portion of the 
rima glottidis, the intermembranous part.. 
Some of its fïbers form the thyroepiglottiç, 
part (D6 a) of the thyroarytenoid, which 
passes to the epiglottis and assists in nar- 
rowing the laryngeal inlet.. 


The cricothyroid is the only laryngeal 
musdè that is innervated by the external 
branch of the superior laryngeal nerve. 

Intrinsicw Laryngeal Muscles 

The intrinsic laryngeal muscles are inner¬ 
vated by the récurrent laryngeal nerve, a 
branch ofthe vagus nerve. They are: 

Posterior cricoaryteûoid (B-D2). It origi¬ 
nates bilaterally from. the posterior surface oj 
the lamina of the cricoid cartilage and ex- 
tends to the latéral surface of the muscular 
process of the arytenoid cartilage(B3). It acts 
to draw the muscular process posteriorly, 
causing the vocal process to move laterally, 
thereby widening the rima glottidis. This is 
the only musde that opens the entire rima glot¬ 
tidis. 

Latéral cricoarytenoid (BQ4). It originates 
from the super,ior border and outer surface oj 
the arch of the cricoid cartilage and passes to 
the muscular process of the arytenoid car¬ 
tilage, which it draws anteriorly. This causes 


Transverse arytenoid (C7). The transverse 
arytenoid is a single, unpaired muscle that 
originates from the posterior surface of one 
side of an arytenoid cartilage and passes to 
its opposite side. It draws the arytenoid car¬ 
tilages toward each. other and doses the 
posterior portion of the rima glottidis, the 
intercartilaginous part. It also tenses the 
vocal ligament.. 

Oblique arytenoid (C8). This muscle lies 
near the surface of the transverse aryte¬ 
noid; it originates from the posterior surface 
oj the muscular process of an arytenoid car¬ 
tilage on one side and inserts into the apex of 
the contralatéral arytenoid cartilage. It as¬ 
sists in narrowing the laryngeal inlet by 
drawing the aryepiglottic folds (D9), vocal 
folds lying between the arytenoid cartilages 
and epiglottis, doser together. The fïbers of 
the aryepiglottic. part of the oblique arytenoid 
hâve a similar function and continue into 
the aryepiglottic fold. 





Laryngeal Musdes 



A Cricothyroid 


B Posterior and latéral 
cricoarytenoid 


C Laryngeal musdes, posterior view 


O Laryngeal musdes, latéral view 
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Rfisnira.t.nry_ System : 1 ,.nyn7i 


Laryngeal Cavity^’ 

The laryngeal cavity, ' (A-B) is the mucosal- 
Üned space between the laryngeal inlet and 
the inferior border of the crïcoid cartilage. It 
is divided by two pairs of latéral folds, one 
above the other, into upper, middle, and lower 
parts; 

Upper part. The obliquelÿ oriented laryngeal 
inlet (Al) leads to the laryngeal vestibule (I), 
which extends as far as the vestibular folds 
(AB2). The laryngeal inlet is limited by the 
epiglottis (A3) and two mucosal folds known 
as the aryepiglottio. folds (A4), both of which 
extend from the latéral margins of the 
epiglottis to the cornicwlate cartilages on the 
apex of the arytenoid cartilages. Each ary- 
epiglotticv.' fold also contains an additional 
small piece of cartilage, the cuneiform car¬ 
tilage. These two cartilages produce the 
corniculate tuberde (AS) and cuneiform 
tuberde (A6). Between the two arytenoid 
cartilages is a posterior notch in the mucosa 
callied the interarytenoid notch. On. either 
side of the laryngeal inlet, i.e., aryepiglottic 
folds, is the inferior part of the pharynx 
which contains a trench in the mucosa 
known as the piriform recess (Al) (see p. 
168). This dépréssion conveÿs fluid past the 
laryngeal inlet into the esophagus. 

The anterior wall of the laryngeal vestibule is 
formed by the epiglottis, which is 4-5 cm 
long and connected by mucosal folds to the 
base of the tongue. The fiat posterior wall, 
near the interarytenoid notch, lies at about 
the level of the vestibular folds. 

Middle part. ' The inteimediate laryngeal cavity 
(II) is the smallèst part of the laryngeal cav¬ 
ity, extending from the vestibular folds (AB2) 
to the vocal folds (AB8). It is expanded on 
either side by a mucosal. outpouching, the 
laryngeal veritriale (BC9). It is bounded above 
by the vestibular fold, below by the vocal 
fold, and ends anterosuperiorly in a blind 
pouch callied the laryngeal saccule (CIO). 

Lower part. The inferior portion of the 
laryngeal cavity, or infraglottis. cavity (III), 
reaches from the vocal folds to the inferior 
maigin ofthe cricoid cartilage. Extending from 
cranial to caudal, it is continuous with the 


trachea. The wall ofthe infraglottic cavity is 
formed almost entirely by the conus elasticus 
(Cil) and is lined by mucosa. 

Histology. With the exception of the vocal fold, 
the mucosa of the laryngeal cavity is lined with 
«kliated respiratory epithelium. It contains numerous 
mixed glands in the laryngeal vestibule and vesti¬ 
bular folds. 

Vestibular s Folds and Vocal Folds le) 

Vestibular folds (A2) (false vocal çords). 
The vestibular folds contain the vestibular 
ligament formed by the free inferior margin 
ofthe quadrangular membrane (Cl 2) as well. 
as numerous glands (Cl 3). The vestibular 
folds do not protrude as far into the laryn¬ 
geal cavity as the vocal folds. Thus, the space 
between the vestibular folds on either side,' 
the rima vestibuli (Cl4), is wider than the 
space beneath it lying between the vocal 
folds, the rima glottidis (Cl 5). 

Vocal folds. The vocal folds (AB8) contain 
the vocal ligament (Cl6) and vocajjs (Cl7) 
mus oie. They bound the anterior part ofthe 
rima glottidis. 

Histology. The vocal folds are covered with non. 
keratihized, stratifïed squamous epithelium, which is 
firmly attached to the underlying vocal ligament. . 
The vocal folds possess neither submucosa nor 
blood vessels, and so hâve a white appearance 
which makes them readily distinguishable from 
the surrounding mucosa that has a shimmering 
red appearance. 

Clinical note. The loose connective tissue in 
the mucosa of the laryngeal inlet permits the 
build-up of considérable amounts of fluid from 
the vascular System. Inflammation or insect 
stings can thus cause a lïfe-threatening mu¬ 
cosal swelling, i.e., laryngeal edema. often incor- 
rectly referre d to as glottal edema. 
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A Laryngeal cavity, posterior view 


B Laryngeal cavityy médian sagittal section 



C Larynx, frontal section 
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Glottis 

The glottis (À) is the part of the larynx „ in- 
volved in voiae production, consisting of 
the two vocal folds and structures iji tfreir walls, 
Each vocaL fold contains in its long anterior 
part the vocalligament(Al) and vocalis (Al). 
The shorter, posterior part contains the ary- 
tenoid cartilage (A3) and vocal process (A4). 
The rima glottidis (ADS) can similarly be 
divided into a long anterior and short poste¬ 
rior part.. The anterior part consists ofthe in- 
terntembranous part (AG) and lies on top of 
the vocal ligament. . The posterior, intercar- 
tilaginous part (A7) lies between the aryte- 
noid cartilages. Both portions of the rima 
glottidis can be opened to various degrees. 

C li n i cal note. Laryngoscopÿ8) is an examina¬ 
tion in which a laryngoscope is introduced into 
the pharynx. The image is inverted: the ante¬ 
rior areas ofthe laryngeal inlet are at the top of 
the image and the posterior areas at the 
bottom. 

Functional Anatomy 

The shape of the rima glottidis changes ac- 
cording to fonction. During quiet respiration 
and whispening, the intermejnbranous part 
is closed, and the intercartilaginous part 
forms a triangular opening (ë). With pro¬ 
gressive^ deeper breathing the anterior 
parts also open to the intermediate position 
(D). The rima glottidis reaches its maximum 
width (E) with deep • breathing or upon 
coughing (opening explosively). Phonation 
occurs when the rima glottidis is fïrst closed 
(F), and the vocal ligaments tensed. The 
rima glottidis is then opened by an expira- 
tory stream of air which causes the vocal 
folds to vibrate, producing sound waves. 
The volume of these sound waves dépends 
on the force of the stream of air, while pitch 
dépends on vibration frequency, which in 
tum varies by length, thickness, and tension 
of the vocal ligaments. Involuntaiy closure 
of the rima glottidis also occurs when a for- 
eign body enters the airway; and the cough 
reflex causes it to reopen _ explosively. 


D8 Epi glottis, D9 Vocal fold, D10 Aryepiglott 
fold, Dtt Cuneiform tubercle, 012 Cornicula 
tubercle, (13 Interarytenoid notch 

Laryngeal Neurovascular Supply and 
Lymphatic*. Drainage 

AU laryngeal structures are süpplied by thj 
superior laryngeal artery; arising from the su 
perior thyroid artery, and by the infej-io 
laryngeal artery from the inferior thyroi! 
artery. Venous drainage is provided by thl 
companion veins of the same name whiçf 
drain into the internaijugular vein. 

The laryngeal mucosa is inneryated as far a: 
the vocal folds by the purely sensoiy inter¬ 
nai branch of the superior laryngeal nerve 
Below this .level it is innervated by the infe- 
rior laryngeal nerve. The intxînsiç. laryngé— 
mus des are ail süpplied by the reçurrenl 
laryngeal nerve (inferior). The only extrinsic 
laryngeal muscle, the cricothyroid, is inner¬ 
vated by the external branch of the superiOi. 
laryngeal nerve. 

Lymphatic drainage from the upper part of 
the larynx as far as the vocal folds is to th€ 
upper group of deep cervical lymph nodes. 
Drainage from the lower half of the larynx., 
i.e., from. the level of the vocal folds 
downward, is to the middle and lower groups, 
of deep cervical lymph nodes and to the pre- 
tracheal and paratracheaVymph nodes. 

Clinical note. Unilatéral injury ofthe récurrent 
laryngeaherveresults in paralysis of ail intrin- 
sic laryngeal muscles. The vocal fold on the af- 
fected side lies in an adducted, paramedian 
position. In patients with acute bilateral injury 
of the récurrent laryngeal nerve, the paralyzed 
vocal folds meet in the rima glottidis causing 
stridor and shortness ofbreath, which mayjie- 
cessitate tracheostomy (see p. 120). 
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E Deeper breathing 


F Position dunng phonation 
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Trachea 

Trachea and Extrapulmonary Main 
IBronchi 

The trachea (A) consists of a flexible tube 
10-12 cm. long, extending from the cricoid 
cartilage to the trachéal bifurcation. It can be 
divided into a cervical part (I) and a thoraçjc 
part (II). The cervical part extends from C6 to 
Cl and the longer, thoracic part from Tl to 
T4. 

The wall of the trachea (B) is made up of 
16-20 horseshoe-shaped, hyaline cartilages 
known as the tracheaL cartilages (Bl) whiçh 
reinforce the anterior and latéral walls of 
the trachea. The trachéal cartilages are 
linked together by the annular ligaments (B2). 
Along the posterior wall (C) of the trachea, 
the trachéal cartilages are closed to form a 
ring by the membranous wall (O), a plate of 
connective tissue containing smooth 
muscle. At the asymmetrical trachéal bifurca¬ 
tion (BC4) the trachea divides into the right 
(BC5) and left main bronchi (BC6). The right 
main bronchus is the shorter of the two and 
its lumen is wider. It départs from the tra¬ 
chea at only a 20° angle and thus continues 
in nearly the same direction as the trachea. 
The left main bronchus is longer and its 
lumen narrower. . It départs from the trachea 
at about a 35° angle. 

At the division of the trachea (D), there is a 
sagittally oriented ridge overlying the car¬ 
tilage, the carina of trachea (D7), which pro- 
jects into the lumen and divides the air- 
stream during inspiration. The transverse 
diameter of the trachea is greater than its 
sagittal diameter. . 

Histology. The walls of the trachea and 
main bronchi (E) are nearly identical in 
terms of structure and consist of three lay- 
ers: an inner mucosal layer, the mucosa (E8) 
with respiratory epithelium and mixed tra¬ 
chéal glands; a middle fibromusculocar- 
tilagiinous layer, which is composed of the 
trachéal cartilages and annular ligaments 
anteriorly and laterally, as well as connective 
tissue containing trachealis smooth musçljs 
posteriorly; and the adventitia (E10), an 


outer, sliding layer. The connective tissue i] 
the trachéal wall, especially the annula 
ligaments, is rich in elastio. fîber network! , 
Collagen and elastic flbers are thus inte 
grated into the wall ofthe trachea in such, 
manner that the trachéal _ cartilages an ( 
under transverse and longitudinal tension. 

Neurovascular supply and Iymphatil , 
drainage. The trachea is supplied by the in. 
ferior thyroid artery and the main bronchi b) 
the bronchiaL branches. Venous drainage il 
supplied by the respective companior 
veins. The trachealis consists of smoott i 
muscle and is innervated by the rerurrenl] 
larÿngeal nerve, a branch of the vagus nerve 
which is also responsible for sensory and] 
secretory innervation. Lymphatic^ drainage 1 
is to the paratracheallymph nodes lying along 
the trachea and the superior and inferior trd- 
cheobronchial lymph nodes near the trachéal 
bifurcation. 

Cknical note. Especially in children, aspirated 
foreign bodies are more likely tQ enter the more 
vertically oriented right main bronchus and 
consequently the right lung. 
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C Larynx, trachea. 


J Larynx, trachea, and main bronchi. anc | ma j n bronchi. 

anterior view posterior view 



A Position of trachea 


D Trachéal bifurcation, 
superior view 
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Topography ofthe Trachea and 
Larynx 

The larynx and cervical part ôf the trachea are 
component parts ofthe neek viscera and lie 
in the middle part of the anterior cervical 
région (A). The outer contour of this région 
is formed by the variously protruding laryn¬ 
geal prominence (AI), since the part of the 
larynx located near the thyroid cartilage 
(Al) lies immediately beneath the skin. The 
laryngeal prominence, thyroid cartilage, 

and cricothyroid ligament (A3) can ail be pal- 
pated beneath the skin. Distal to this point, 
toward the superior thoracic aperture, the 
viscera of the neck grad ually move away 
from the outer surface ofthe neck, conform- 
ing to the curvatures of the vertébral 

column. 

The viscera of the neck are embedded in the 
viscéral space of the neck (B) situated be- 
tween the middle and deep layers of the 
cervical fascia, the pretracheal layer (AB4) 
and the prevertehrallayers (ABS) of cervical 
fasoia, and is continuous with the connec¬ 
tive tissue spaces of the head and thorax. On 
its anterior side the larynx is directly 
covered by the middle layer of cervical fas¬ 
cia with the supeïfïdal layer (86) lying almost 
directly over it. Posterior to the larynx is the 
laryngeal part of the pharynx (A7). The tra¬ 
chea is separated by the thyroid gland 
(A-C8) lying anterior to it from the middle 
and superfïcial layers of the cervical fascia. 
Lying behind the trachea is the esophagus. 

Functional anatomy. The viscera of the neck are 
embedded in their surroundings in such a fashion 
that they can be raised and lowered and are freely 
movable against each other. The larynx is sus- 
pended from the basicranium above and braced 
by the thoracic cage below via the pull ofthe elas- 
tic structures of tire trachea and bronchial tree. 
Movementsafthe larynx in the long axis ofthe bpdy 
occur during swallowing (élévation of 2-3 cm), 
vocalization, and deep breathing. Extension of the 
head and cervical vertebrae elevates the larynx to 
about the next vertébral level, whilejlèxion ofthe 
head and cervical vertebrae lowers the cricoid 
cartilage (A10) into the superior thoracic aper¬ 
ture. The total distance of possible up-and-down 
movement is up to 4cm. 


Clinical note, life-threatening closure of the 
rima glottidis, e.g,. due to mucosal edema, can 
be managed by establishing the aijway below 
it. An incision can be made through the mé¬ 
dian cricothyroid ligament (raiqpthysotomy^d 
arrow), or in the trachea above the thyroid 
isthmus (high tracheostomy,black arrow) or 
below it (lowtracheostomylplue arrow). 

Topography of Laryngeal Nerves (e) 

Innervation of the larynx and trachea is pro- 
vided by branches of the vagus nerve (BC11) 
The superior laryngeal nerve (Cl 2) branche- 
off the trunk of the vagus nerve below thE 
inferior ganglion and passes médial to thE 
internai carotid artery (BC13) and branches 
of the external carotid artery (C14). Near the 
level of the hyoid bone (AC9) it divides inth 
an external branch (Cl 2 a), a motor branch th-t 
supplies the cricothyroid (etS) and inferior 
constrictor muscle of the pharynx (Cl 6). 
and an internai branch (Cl 2 b), a sensory 
branch. that pierces the thytojryoid mem¬ 
brane (Cl 7) and passes beneath the mucosa 
of the piriform recess where it sometimes 
anastomoses with the récurrent laryngeal 
nerve (Cl8). The internai branch supplies 
the laryngeal mucosa as far as the rima glot- 
tid is. The récurrent laryngeal nerve (Cl 9) 
branches off the vagus nerve in the thorax. 
On the left it loops around the aortic arch 
and passes as a récurrent nerve in the 
groove between the esophagus and trachea 
to the larynx, distributing branches in its 
course. On the right it loops around the sub- 
davian artery (C20) and travels cranially 
alongside the trachea. On its way to the tra¬ 
chea, the récurrent laryngeal nerve courses 
behind the thyroid gland (A-C8).lts terminal 
branch (Bet8) passes at the caudal border of 
the inferior constrictor muscle of the 
pharynx (Cl6) into the interior ofthe larynx. 
It divides into an anterior and posterior branch 
and provides motor innervation to alliaryn- 
geal mus des except the cricothyroid and 
sensory innervation to the laryngeal mucosa 
below the level ofthe rima glottidis. 

Clinical note. Thyroid surgery présents a risk 
of stretch injury or trauma to the récurrent 
laryngeal nerve. 


821 Vertébral artery 





21 5 B Viscera of neck, cross-section 
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Lung 



The paired lungs lie jn the thorax, _ one on 
either side of the mediastinum, enolosed in a 
pleural cavity lined by a serous membrane 
(see p. 94 for position). 

Surfaces of the lung 

Each of the lungs is shaped like a half cône. 
In children the surface of the lung is a pale 
pink color, but with advancing âge it be- 
comes slate gray as a resuit of deposits from 
pollutants in jnhaled air. 


Extem'al surface. The extemal surface of 
the lung conforms to its surrounding struc¬ 
tures, i.e., thoracic walf diaphragm, and me¬ 
diastinum. This can be especially. well_ seen 
in the in-situ lung. Each. of the two lungs 
consists of a dome-like apex (AB1), which 
projects a few centimeters above the supe- 
rior thoradc aperture. The base of lung (AC2), 
or diaphragmatic surface (AeJ), is concave and 
lies on the diaphragm. The outer surface of 
the lung resting against the ribs is convex 
and is known as the costal surface (A and B). 
The surface facing the mediastinum, the mé¬ 
diastinal surface (C and 0) is divided by the 
hilum of lung (C04) into an anterior, médi¬ 
astinal surface (C05) and a posterior, verte- 
brdlpart (C06). Each of the médiastinal sur¬ 
faces has an indentation produced by the 

heart, the cardiac impression (C07). On the 
médial surface of the right Jung are impres¬ 
sions. produced by the right subçlavian 
artery (C8 a), azygos vein, and esophagus 
(C9). The surface of the left lung is marked 
by visible grooves from the aortid arch (010 
a), thoradc aorta (010 b), and left subdavian 
artery' (08 b). 


Hilum of lung. The root of the lung is 
formed by the collection of vessels and 
bronchi that enter and leave the lung in the 
center of its médial surface. These connect 
the lungs with the heart and trachea and are 
similarly arranged on the right and left 

sides. 


The pulmonary veins lie anteriorly, the bronchi pos- 
teriorly, and the pulmonary arteries in the middle. 
The arrangement of these structures varies along 
the craniaL-caudal axis. On the right side the 


cross-section through the superior lobar bronch 
«(11) is above the section through the pulmona 
artery ((12 a) (eparterial position). Below this 
the section through the right main bronchus ((13, 
(hyparterial position), and inferior pulmonary vei 
(( 14- a). On the left side the cross-section throu- 
the pulmonary artery (012 b) is furthest crani, 
and the section through the left main bronch 
(013 : b) is below it (hyparterJal position), followe 
by horizontal sections through the inferior pulm 
nary veins (014 b). 

The structures that enter and leave the lung at th 
hilum are completely surrounded by arefleçtioni 
pleura, whish extends caudally in front of the cal 
diac impression. The anterior and posterior fok 
are nearly directly adjacent, forming the pulml 
nary ligament ((015). The pleural reflection sep, 
rates the structures of the hilum of the lung fror 
the pleural cavity. The hilum and the structurr.; 
entering and leaving the lung are situated outsiG 
of the pleura and are directly connected with th 
connective tissue of the mediastinum. 

lung borders. The anterior and inferior _ sur¬ 
faces of the lungs hâve thin, sharp borders 
The costal surface and médiastinal surfaci 
meet anteriorly at the sharp anterjor boçdel 
(A-016). On the left lung this border has, 
notch known as the cardiac notch of left lun 'r 
(B017) which is produced by the cardiac im 
pression. Between the costal surface and dia¬ 
phragmatic surface is the infeçior maç^if 
(A-018). 

Lung lobes and. fissures. Each lung y 
divided into lobes by deep dépréssions, 01 
fissures. The right lung normally. has a supe. 
rior lobe (Al 9), middle lobe (A20), and infe^ioi^ 
lobe (A2L). The superior lobe and infeyior lobj 
are divided by the oblique fissure (A22). 
which - runs diagonally from posterosuperior 
to anteroinferior. .. The superior lobe and 
middle lobe are divided by the horizontal fis¬ 
sure' (À23) lying anteriorly and laterally. The 
smaller left lung consists of only a superior 
lobe (B 19) and inferior lobe (B21) which are 
also separated by an. oblique fissure- (B22). 
The anteroinferior end of the superior lobe 
of the left lung usually has a tongue-like 
projection known as the Unguia (B24). The 
facing surfaces between individual lobes are 
called interlobar surfaces. 
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A Right lung, latéral view 


B Left iung, latéral view 
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C Right lung, médial view 


O Left lung, médial view 
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System : Lmg 



Divisions of the Bronchi and 
Brônehopulmonary Segments 

The right and left main bronchi divide on the 
right side into three and on the left side into 
twô lobar bronchi (see beLow), 8-12mm in 
diameter, On the right they branch off of the 
main bronchus as the right superior lobar 
bronchus about 1-2.5 cm from the trachéal 
bifurcation _ and as the right middïe and right 
infenor lobar bronchi about 5 cm from the 
trachéal bifurcation, On the left the main 
bronchus. also divides about 5 cm from the 
bifurcation into the left superior and inferior 
lobar bronchi. The lobar bronchi divide on 
the right side into 10 and on the left side into 
9 segmentai bronchi. Proceeding from the 
right superior lobar bronchus are segmentai 
bronchi 1-3; branching off the middle lobar 
bronchus are segmentai bronchi 4-5; and 
from the right inferior lobar bronchus are 
segmentai bronchi 6-tO. On the left side the 
left superior lobar bronchus divides into 
segmentai bronchi land 2aswell as 3-5, and 
the left inferior lobar bronchus divides into 
segmentai bronchi 6-tO. 

Bronchopulmonary Segments and 

Lobules 

Bronchopulmonary segments... The bron- 
chopulmonary segments are subunits of 
the lung lobules that are organized by seg¬ 
mentai bronchi.. Bronchopulmonary seg¬ 
ments can be conceived of as bronchoarterial 
units.: each contains a centrally located (i.e., 
intràsegmental) segmentai bronchus and an 
accompanying branch of the pulmonary 
artery. Additional branches of a segmentai 
bronchus are limited te the respective seg¬ 
ment. . 

Branches of the pulmonary ' veins travel within 
the connective tissue on the surface of a seg¬ 
ment, i.e., they hâve an intersegmental 
course and demarcate the boundaries be- 
tween. segments. As they near the hüum of the 
lung, the branches converge to form the 
large pulmonary veins. Each of the bron¬ 
chopulmonary ’ segments forms a three-di- 
mensional wedge-shaped or pyramidal 
stnûctuîal unit with its apex directed toward 
the hilum. 


Lung lobules. The segmentai bronchi divide 
in several steps into medium-sized and small 
bronchi which subdivide into bronchioles. 
Each bronchiole supplies a pulmonary lobule. 
The lobules are subunits of the bronchopul¬ 
monary segments. 

The lobules are not found throughout the lungs, 
but are mamly situated on their. surface. They 
are identifiable as palygonal régions with sides 
measuring 0.5-3 cm, bounded by connective 
tissue which can contain inhaled suspended 
solids. These give the borders of the lobules a blue 
or black appearance. 

Each bronchiole situated within a lobule 
divides 3^L times and ultimately subdivides 
into the terminal branches of the bronchial 
tree_ that bear the alveoli.. The terminal 
branches consi st of several générations ofl 
respiratory bronchioles and alveolar ducts con- 
taining alveoli in their walls for gas ex¬ 
change. 

Each lung contains two Systems of connective 
tissue. Peribronchial or periarterial connective tissue 
surrounds the branches of the bronchial tree and 
pulmonary artery as far as the respiratory 

bronchioles and facilitâtes their movement 

against the surrounding gas-exchanging tissue of 
the lung. The second, extemal System consists of 
subpleural connective tissue which lines the surface 
of the lobes and forms septa dividing the bron¬ 
chopulmonary segments and lobules. The sub¬ 
pleural connective tissue acts as a sliding layer, 
but also protects against ovetexpansion. 

Blue: Superior. lobe, Greerii Middle lobe, Red: In- 
ferior lobe 

I Right superior lobar bronchus, II Right middle 
lobar. bronchus, III Right inferior lobar. bronchus, 
IV Left superior lobar bronchus, V Left inferior 
lobar bronchus, 1 Apical segment and apical 
segmentai bronchus (right Jung only), 2 Posterior 
segment and posterior segmentai bronchus (right 
lung only), 1 + 2 Apicoposterior segment and api- 
coposterior segmentai bronchus (left lung only), 

3 Anterior segment and anterior segmentai 
bronchus, 4 Latéral segment and latéral seg¬ 
mentai bronchus, 5 Médial segment and médial 
segmentai bronchus, 6 Superior segment and 
superior segmentai bronchus, 7 Médial basal seg¬ 
ment and médial basal segmentai bronchus, 

8 Anterior basal, segment and anterior basal seg¬ 
mentai bronchus, 9 Latéral basal segment and 
latéral basal segmentai bronchus, 10 Posterior 
basal segment and posterior basal segmentai 
bronchus, 11 Trachéal bifurcation, 12 Right main 
bronchus, 13 Left main bronchus 
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A Divisions of bronchi. 
segmentai bronchu 
antenior view of lungs 

Lobar borders: 
continuous lines. 
Segmentai borders: 
dashed lines 



B Divisions of bronchi. segmentai bronchi. médial view of lungs 
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Respira tory System : lima 


Microscopie^ Anatomy 

Lung tissue corisists of conducüng and gas- 
exchangj'ng portions of the bronchial tree as 
well as pulmonary vessels, connective tissue, 
and smooth muscle. As the bronchial tree 
and pulmonary vessels divide, their micro 
scopie structure changes. The total trans¬ 
verse section of the bronchial tree enlarges 
with each_ division. 

Conducting Portion 

Intrapulmonary bronchu (A). The walls of the 
lobar and segmentai bronchi hâve three layers 
consisting of the mucosa (At), musculocar- 
tilaginous layer (A2), and adventitia (AJ). The mu¬ 
cosa îs lined with ciliaied respiratory epithelium 
(At a) which rests on a connective tissue lamina 
propria (At b) rich in elastic fibers. Unlike the ex- 
trapulmonary bronchi, beLow this is a musculocar- 
tilaginous layer, consisting of a nearly complété 
layer formed by a spiral arrangement of smooth 
musole cells known as spiral muscle (A2 a). The ir- 
regularly shaped bronchial cartilage (A 2 b), liât or 
curvéd cartilage plates in the bronchial wall, are 
composed of hyaline cartilage in the larger bron¬ 
chi, but increasingly replaced by elastic cartilage 
in the smalUr bronchi.. Lying between the car¬ 
tilage pièces are mixed seromucous bronchial 
glands (A2 c). In addition, the connective tissue of 
the musculocartilaginous layer contains a venous 
plexus. Anarrow, connective tissue adventitia (AJ) 
c'onnects the bronchial wall to its surroundmgs 
and conveys the nutritive bronchial branches (AJ 
a) to the bronchus. The bronchopulmonary lymph 
nodes (AJ b) are often located at divisions of the 
bronchi. Accompanying each bronchus is a branch 
of the pulmonary artery. 

Bronchioles (B). Arising from the small bronchi, 
the bronchioles hâve a diameter of 0,3-0. 5, mm. 
Their walls consist of mucosa, a muscular layer, and 
adventitia and do not contain cartilage. The walls of 
the bronchioles possess a network of abundant. 
elastic fibers which prevent the collapse of the 
noncartilaginous walls if the muscle becomes lax 
(B). The bronchioles end in the terminal bronchioles 
(84). Smaller branches of the pulmonary artery ac- 
company the bronchioles. 

As far as the smallest bronchioles, the bronchial 
tree serves onïy as a conducting passageway for 
air to the lung, forming part of the "anatomie dead 
space." Its tasks consist of filtering, humidifying, 
and warming inhaled air. 


Gas-exchanging Portion 

Respiratory. bronchioles and alveolar ducts_ (B), 
The terminal bronchioles branch into respiratory 
bronchi (B 5) which may be viewed as connecting 
passages between the conducting and respiratory 
portions ofthe lung. The respiratory bronchi hâve 
an average diameter of O A mm. Their walls are 
lined with cuboidal epithelium and copjain 
smooth musde. Interruptions iii the wall in certain 
places form thin-walled outpouchings called pul- 
monary alveoli. The respiratory bronchioles are 
accompanied by artérioles arisingfrom the pulmo¬ 
nary artery and divide 3-6 times. They are con- 
tinuous with the alveolar ducts (B6) whose walls 
are made up entirely of alveoli (87) which in turp. 
divide into blmd-ending alveolar sacs. Travehng 
alongside the alveolar ducts are precapillaries and 
accompanying the alveoli. are capillaries. 

Alveoli. Gas ex change takes place in the alveoli. 
Each lung contains about 300 million alveoli wit~ 
a total surface area of 140 m'. Two adjacent alve¬ 
oli share a thin wall called the interalveolar septum, 
containing connective tissue and capillaries and 
lined on either side 'with ÏÏat epithelium. The alve¬ 
olar epitheliüm is made up of two types of cells. 
Type / pneumocytes make up more than 90% of 
épithélial cells covering the surface of the alveoli.. 
The remaining 10% are type IIpneumocytes whiçji 
produce surfactant (a factor in the réduction of 
surface tension) and act as stem cells for type / 
pneumocytes. The blcwad-air barder describes that 
portion across which gas exchange occurs be¬ 
tween the alveolar and capillary lumina. It is 
0.3-0, 7~m thick and consists of alveolar 
epithelium, fused basement membranes, and capil¬ 
lary epithelium. 
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B Lungtissue: bronchiole and alveoli, light miorograph 






System• T lino 


Vasoular System and Innervation 

Each lung has functional vessels, pulmonary 
vessels, whiah beLong to the pulmonary 
circulation as welL as nutritive vessels which 
arise from the systemio. circulation. 

Pulmonary ' vessels, (A). Just below the tra¬ 
chéal bifurcation (Al) the pulmonary’ trunk 
(Al) divides into the tw.0 pulmonary ' arteries, 
which transport deoxygenated blood to the 
alveoli.. The right pulmonary artery (A3) is 
longer and wider in caliber than the left pul¬ 
monary artery (A4). Both pulmonary arter¬ 
ies lie anterior to the main bronchi (AS) and 
ramify before reaching the hilum of the 
lung, giving off branches that further divide 
and parallel the bronchial tree. Branches of 
the pulmonary’ artery’ lie in close proximity_ 
(usually on the postérolatéral side) to the 
bronchial tubes they accompany in the cen- 
ter of each bronchopulmonary segment. . The 
pulmonary arteries and their large branches 
are elastic arteries. The smaller arterial 
branches accompanying smaller bronchi 
and bronchioles are muscular arteries. 

Oxygenated blood is carried out of the lungs 
through interlobular and inters egmental veins 
which travel toward the hilum and unité to 
form the right and left pulmonary veins (AG 
and A7). At the hilum of the lung, the valve- 
less pulmonary veins lie anterior and caudal 
to the arteries. 

LymphaticC vessel System and régional 
lymph nodes.. Similarly to the connective 
tissues of the lungs, the lymphatic vessel 
System can likewise be divided into two 
parts: the deep or peribronchial lymphatic ves¬ 
sel System (B8) extends along the per.i- 
bronchial connective tissue. Bronchopulmo¬ 
nary lymph nodes (B9) form lymph node sta¬ 
tions at divisions ofthe lobular bronchi into 
segmentai bronchi. . The next station is 
formed. by the infemor (A10) and superjor 
tracheobronchial lymph nodes (All),located 
at the main bronchi and the bifurcation. The 
second set of lymphatic v vessels, the supeifi- 
cialor segmentai lymphatic. vessel System (B 12) 
begins with the lymphatic capillanies in 
loose, subpleural connective tissue and in the 
interlobular and intersegmental connective 


tissue septa which join to form lymphatic,. 
vessels following the pulmonary veins. The 
fïrst lymph node stations are the tracheo¬ 
bronchial lymph nodes which are continuous 
with the para trachéal lymph nodes situated 
along the trachea. 

Clinical note. Lymph. nodes located in the 
hilum are referred to as hilar nodes. This terni 
usually refers to bronchopulmonary lymph 
nodes at the divisions of the bronchi and along 
vessel branches. 

Bronchial vessels (C). Lung tissue is nour- 
ished by the bronchial branches which arise 
from the thoraoic aorta (Cl 3). Usually tw.o 
bronchial branches (Cl4) arise directly from 
the aorta and pass to the left lung. The right 
lung is supplied by a bronchial branch (Cl S) 
arising from. the third or fourth posterior in¬ 
tercostal artery. The bronchial branches run 
in the peribronchial connective tissue and 
supply the walls of the bronchial tree and 
those of the accompanying arteries. Venous 
drainage is provided by the bronchial veins 
whi&h drain into the azygos vein, hemiazy- 
gos vein , and partly also into the pulmonary 
veins. 

Innervation. The vagus nerve and sympa- 
thetic truïik form the pulmonary plexus (see 
Vol 3, p. 116) along the main bronchi, fol¬ 
lowing the bronchi and vessels, supplying 
them as well as the viscéral pleura. 

Efferents of the vagus nerve cause contrac¬ 
tion, while sympathetic efferents cause di- 
lation ofthe bronchial musculature and nar- 
rowing of vessels in the lung. Mferent fïbers 
of the vagus nervè convey impulses from 
stretch receptors located along the trachea, 
bronchi, bronchioles, and viscéral pleura. 
Sympathetic afferent fïbers are predomi- 
nantly pain fïbers. 

Chnical note. In bronchial asthma there is ab¬ 
normal innervation of smooth muscle in the 
small bronchi and bronchioles in response to 
stimuli which leads to contraction and thus 
narrowmg of the lumen during expiration. 






B Lymphatic vessels of lung 















Respiratory System 


(Pleura 

The serous membrane covering the lung is 
referred to as the pleura (AB). It consists of 
the viscéral pleura (or pulmonary pleura) (At) 
and pariétal pleura (Al), which line the space 
on either side of the thoracic cavity that 
houses each lung. The viscéral pleura and 
pariétal pleura are continuous at the hilum 
of the lung. Between the two pleural layers 
is a cavity containing a capillary layer which 
is known as the pleural cavity and contains a 
few milliliters of serons fluid. It acts to re¬ 
duce fraction and allow gliding movement of 
the lungs during respiration. 

Viscéral pleura. The viscéral pleura covers 
the lung almost entirely and cannot be 
stripped from the surface of the lung. It also 
dips into the interlobular fissures, but does 
not cover those régions that are surrounded 
by the reflection of the viscéral pleura onto 
the pariétal pleura.. Le., the hilum and the 
portion between the lung and pulmonary 
ligament.,. 

Pariétal pleura. The pariétal pleura forms 
the peripheral wall, ofthe pleural cavity and 
can be divided into parts according to the 
région it borders. The costal part (AB3) 
borders the bony thoracic wall; the diaphrag- 
matic part (AB4) the diaphragm ; and the me= 
diastinal part (ABS) the médiastinal connec¬ 
tive tissue space. The pleural cupula (AB6) is 
the continuation of the costal part, which 
protrudes anteriorly above the superior 
thoracic aperture and extends posteriorty to 
the head of the first rib. It is iîlled by the 
apex of the lung. Between the pariétal 
pleura and the thoracic wall. is a sliding layer 
of connective tissue known as endothoraoip 
fasc'ia. Its thickened portion forms the supra- 
pleural membrane at the pleural cupula, to 
whiûh it is attached. 


Pleural recesses. Between the downward 
sloping sides of the diaphragm, and the 
thoracic wall. the costal pleura and dia- 
phragmatic pleura bound the costodiaphrag- 
matie recess (AB7). a space into which the 
lung can expand during deep inspiration. 
Another pocket-like space is located anteri¬ 
orly between the thoracic wall and medi- 
astinum. It is bounded bÿ the costal pleura 
and médiastinal pleura , hence the name cos- 
tomediastinaL recess (ABS). On the left. it is 
wide at the level ofthe cardiac notch. but on 
the right it is nartow. 

Neurovascular supply and lymphatic ^ 
drainage. The pulmonary " pleura forms an 
intégral part ofthe lung. and its neurovascu¬ 
lar supply and lymphatic drainage resemble 
that of the lung. The pariétal pleura is sup- 
plied by the adjacent arteries ofthe thoracic 
wall. i.e., branches ofthe poster,ior intercostal 
arteries. internai thoracic artery, and 
musculophrenicx. artery. Venous drainage is 
via the veins ofthe thoracic wall. The pariétal 
pleura is highly sensitive to pain and is in- 
nervated by the intercostal nerves and phrenic 
nerve. 

Lung and pleural borders. Sound knowledge of 
the surface projections of the lung and pleural 
borders (AJ onto the thoracic wall is essential for 
clinical examination. The borders of the lung 
change during the phases of respiration, while 
those of the pleura do not.. During normal respira¬ 
tion the inferior margins ofboth lungs extend 1-2 
intercostal space s beyond the pleural borders (see 
table below). 

Clinical note.lnnammatîon can lead.to build-up 
of serous nuid m the pleural cavity, elevated 
protein . Jevels. or adhesion of the two pleural 
layers, restrîcting expansion of the lung. 


Sternal Midclavicujar Axillary Scapular Paravertebral 

hne line line line line 

Lung borders 6th rib 6th rib 8th rib lOth rib Spinous process 

ofTlO 

Pleural borders 6tii rib 7tii rib 9th rib 1 lth rib Spinous process 

ofTll 
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A Lungs and pleural margins 




B Thoracic cavity, anterior view 
with opened pleural cavities 
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System: Lun g 



Cross-Sectional Anatomy 

Sectional images available through modem 
imaging modalities and cadaveric cross- 
sections of lung tissue can clearly demon- 
strate the course of large and medium-sized 
bronchi and vessels and their branches. Sec¬ 
tions of the pleural cupula (A) and sections at 
the levelofthe division ofthe main bronchi and 
artenes (B) can enhance our understanding 
of topographical anatomy. The position of 
the nearly transverse planes is indicated in 
the illustrations ofthe lungs (see below). 

Trànsverse Section ât T2-T1 (A) 

This transverse section is through the pul- 
monary apex (Al) and pleural cupula (A2). 
Latéral to the pleural cupula the section cuts 
through the first rib (AJ). Antérolatéral to it, 
the middle scdlene muscle (A4) can be iden- 
tified. Betwëen the middle and anter,ior 
scalene (AS), i.e., in front ofthe latter, is the 
scalene space (see Vol, 1, p. 367), which gives 
passage to the subdavian artery (A6) and 
brdchial plexus (A7). The close proximity of 
the subdavian artery to the apex ofthe lung 
explains why the arteiy produces an im¬ 
pression on the fïxed anteromedial surface 
of the lung. The subdavian vein (A8) lies 
anterior to the artery ' and courses on the 
pleura and apex. of the lung. Posteriomedial 
to the section through the lung is the sym- 
pathetic trunk (A9). 


section is through the right main bronchus 
(B21 ), after it has given off the right superfor 
lobar bronchus further cranial.. Branches of 
this bronchus can be identified in the tissue 
of the right supenor lobe (B22). The right 
main bronchus is surrounded by inferior tra- 
cheobronchiallymph nodes (B23). On the left 
side the left main bronchus (B24) can be 
seen at the bifurcation. Anterior to it, the left 
pulmonary vein (B25) is shown in the cross- 
section. Its tributaries can be folfowed into 
the left superior lobe (B26). Posteriorly, the 
section cuts through the left pulmonary 
artery (A27) which. parallels the bronchus 
and ramifies. The larger. lymph nodes, sit- 
uated at the hilum of the left lung, are the 
inferior tracheobronchial lymph nodes (B23). 
The smaller lymph node, located poste¬ 
riomedial to the artery at the left inferior 
lobe (B28) is a bronchopulmonary lymph 
node (B29). 

B 30 Superior vena cava 

B31 Ascending aorta 

B32 Subepicardial adipose tissue 

B33 Pulmonary trunk 

B 34 Descending aorta 

B35 Azygos vein 

Bll Esophagus 


AlCl Trachea 

Ail Esophagus 

Al 2 j Brachiocephalic ^ trunk 

Al 3 Internai jugular vein 

Al 4 Thyroid gland 

Al5 Vagus nerve 

Al 6 Common carotid arteiy 

Al 7 Thoracic duct 

Al 8 Récurrent laryngeal nerve 

Transverse Section at the Level of T5 (B) 


The section is below the level of the trachéal 
bifurcation and shows both hila of the lungs. 
On the right side, the course of the right pul¬ 
monary artery (B19) to the right hilum ofthe 
lung can. be identified. Anterior to the 
arteiy, the section cuts through. the pulmo¬ 
nary vein (B20). Posterior to the artery, the 
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A Transverse section atthe fevel of T2 


7 

4 



B Transverse section at the level of T5 
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R aspirai,nry, System: Limg 


Mechanics of Breathing 


j 



The exchange of gases betwcen the pulmo- 
nary alveoli and the environment, i.e., opti¬ 
mal aération and ventilation of the alveoli : 
requires pressure changes in the thorax. These 
are generated by active and passive forces, 

The bony framework of the thoraqic wall is 
formed by the ribs, thoracic vertebrae, and 
sternum. The highly elastio. ribs vary in 
shape, length, and position (see Vol. 1, p. 
64). The main muscles responsable for move. 
ment of the bony thorax, are the intercostal 
muscles (see Vol. 1,p. 82), situated between 
the ribs, and the scalene musçj'es (see Vol. 1, 
p. 80). The diaphragm (see Vol, 1 , p. 102), 
which divides the abdominal and thoracic 
cavities, is another important respiratory 
muscle. The volume of the lung increases or 
decreases during inspiration or expiration 
as the thoracic cavity expands or contracts 
(see below). Because it adhères to the 
thoracic wall, the surface ofthe lung follows 
the expansion of the thorax although, be¬ 
cause of its own elasticity, the lung has a 
tendency to confract toward the hilum. 


Inspiration (A). During inspiration the tho- 
racie- cavity and lung volume enlarge. The 
ribs move upward, thereby increasing the 
transverse (Al) and sagittal. (A2) diameter 
of the thorax and enlarging the epigastric^ 
angle (A3). This requires the action of the 
scalene muscles and/or external intercostal 
muscles. Contraction of the diaphragm (A4) 
causes the central tendon of the diaphragm ■ 
ta descend, the dômes of the diaphragm ; to 
flatten, and the thorax to expand caudally 
(AS), The deeper the inspiration, the flatter 
the costodiaphragmatic recess becomes, 
allowing the inferior border of the lung to 
expand further into this supplementary 
space. 


Expiration (B). During expiration the 
thoracic cage and lung volume decrease 
again. Diiring quiet respiration the elastic^ 
thoracic cage retums to its original position, 
the resting position of the thorax. Its trans¬ 
verse (Bl) and sagittal (B2) diameters 
decrease, in tum reduGing the epigastric 
angle (B3), Contraction ofthe expiratory- in¬ 


ternai intercostal muscles can aid this 
probess. The dômes of the diaphragm (84) 
move upward, decreasing the size of infe¬ 
rior portion of the thoracic cavity (B5). 
Deeper expiration is assisted by intra- 
abdominal pressure, in which the transverse 
abdominal muscles in particular are active. 

Thoracic and Abdominal Breathing 

As may be presumed from the above de¬ 
scription, in the healthy adult respiration 
involves the combination of two mecha- 
nisms. 

Thoracic breathing involves changes in the 
volume of the thorax by movement of the 
ribs ( 1 -3), while in diaphragmatiq breathing 
thoracic volume varies with displacement ■ 
ofthe floor ofthe thoracio cavity (4-5). 

Infants and older people rely chiefly on abdomi¬ 
nal breathing, the former because of the hor¬ 
izontal position ofthe ribs and the latter because 
of diminished elasticity ofthe thorax. 

Clinicalnote. An intact pleural cavity is neces- 
sary for normal breathing. If air enters it from 
outside or inside the body, négative pressure is 
lost and pneumothoraxesults. In the absence of 
capillary forces the lungs cease to fo|low the 
movements ofthe thorax and the force of ré¬ 
traction ofthe elastic lung causes it to co]$apse 
to one-third of its original volume. 




Menhanin^ nf Breathing 




A Position during inspiration 




B Position during expiration 


A, B Positions of thoracic cage and diaphragm during respiration 
Superimposed illustrations of photograph and radiograph 



































Mediastinum 


Mediastinum 

The mediastinum is the midline région ofcon¬ 
nective tissue in the thorax, lying between the 
two pleural cavities (for organization of 
structures see p. 32). Contributing to the 
latéral wall of the mediastinum on either 
side is the médiastinal pleura. If the lung is 
removed from one half of the thorax and the 
médiastinal pleura is stripped. one can see 
ail of the médiastinal structures in situ, in 
partioular the structures making up the root 
ofthe lung. 

Right View of Mediastinum 

Viewing the mediastinum from the right 
after removal of the right lung. it is évident 
that from craniad to caudad the medi¬ 
astinum forms a continuous connected 
space. The borders (see p. 32) dividing the 
superior and inferior mediastinum. as well 
as those further sub dividing the inferior 
mediastinum. are purely descriptive in na¬ 
ture. They nevertheless . serve as a guide for 
the following description of the topography 
of the mediastinum. 

Superior mediastinum. Organs whioh can 
be observed in the superior mediastinum 
are the esophagus (At) and trachea (A2). 
They are accompanied by the right vagus 
nerve (A3) and paratrachéal lymph nodes 
(A4). Lying anterior to these organs is the 
superior vena cava (AS), which arises from 
the union ofthe right (AG) and left brachio- 
cephalic veins. The right brachiocephalic 
vein covers the brachiocephalic trwk (A7). 
which arises from the aortic arch and gives 
rise to the right subslavian artery (AS). Loop¬ 
ing around the right subclavian artery is the 
récurrent laryngeal nerve (A9). a branch of 
the vagus nerve. Anterior to the superior 
vena cava is the intrapericardial part of the 
ascending aorta (AtO). The great vesselss are 
covered anteriorly by residual thymie, tissue. 
which is obscured from view in figure A. as 
the overlying médiastinal pleura (An) was 
not completely removed. 

Viewed from the right. the boundary be¬ 
tween the superior and inferior medi¬ 
astinum is roughly demaroated by the 


course ofthe azygos vein (At2) which curves 
over and extends beÿond the structures of 
the root ofthe right lung. 

Inferior mediastinum. . The posterior part of 
the inferior mediastinum. contains the thoraac 
duet (At3). esophagus (At). right vagu>s nerve 
(A3), and greater splanchnic nerve (At4). 

The wide middle mediastinum contains the 
pericardium (AtS) and heart as well as the 
intrapericardiaL portions of the great vessels. 
Running betwéen the pericardium and re¬ 
moved médiastinal pleura is the phrenic 
nerve (AtG). which accompanies the pefi- 
cardiacophrenic vessels (At7). The middle 
mediastinum also houses the right main 
bronchus and its bronchi (AtS), the right pul- 
monary artery (At9) and right pulmonary 
veins (A20). as well as the tracheobronchial 
lymph nodes (A2t). 

Between the sterûum and pericardium lies 
the anterior mediastinum which contains 
only loose connective tissue. a few lymph 
nodes. and branches ofthe internai thoraçic 
vessels. 

The médial surface of the right lung lies in 
close proximity_ to the esophagus and ac- 
companying branches ofthe vagus nerve. 

Posterior thoracic. wall. The sympathetic c 
trunk (A22) lies alongside the vertébral 
column on the posterior thoracic wall_ whioh 
is partly visible in Figure A. At the inferior 
border of the ribs the intercostal nerves 
(A23) accompany the intercostal vessels 
(A24). These structures lie within or deep to 
the endothoracic fasda and hence are not 
corisidered médiastinal, structures. The en¬ 
dothoracic fascia merges with the pariétal 
pleura at the posterior. thoracic wall.. 
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A Right view of mediastinum 
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Respiratorv System: Mediastinum. 


Left View of Mediastinum 

Superior mediastinum. After removal of 
the left lung the prominent aortic arch (Al) 
can be seen; it gives rise to the left common 
càrotid artery (Al) and left subçjavian artery 
(AJ). Anterior to the aortic arch are the su- 
perfïoial parts of the cardiac plexus (A4), an 
autonomie plexus, and the left vagus nerve 
(AS), which branches into the left récurrent 
laryngeal nerve (A6). This nerve loops be- 
hind the aortiev. arch and ligamentum arteçio- 
sum (A7). Anterior to the aortic arch the left 
brachiocephalic vein (AS) is visible before it 
disappears from view. Posterior to the aortic^ 
arch the esophagus (A9) and thoraçic duct 
(A10) are visible. 

Inferior mediastinum. In the posterior part 
of the inferior mediastinum, the esophagus 
(A9) is accompanied by the descending aorta 
(Ail). Between them the plexus formed by 
the left vagus nerve passes caudally. The 
most posterior of the médiastinal structures 
on the left side are the hemiazygos vein 
(A12) and the accessory hemiazygos vein 
(A13). 

The middle part ofthe inferior mediastinum is 
nearly entirely fllled by the pericardium 
(A14) and hearL Traveling on the peri¬ 
cardium is the left phrenia nerve (AÏS), 
which accompanies the pencardiacophrenic 
vessels (Al6). The structures of the root of 
the lung, which lie in the upper part of the 
middle mediastinum, are framed by the 
aortic arch and thorade part of the aorta. 
Nestled in the curvature of the aortic^. arch is 
the left pulmonary artery (Al7), from whiçh 
the ligamentum arteriosum (A7) extends to 
the inferior aspect of the aortic arch. Below 
the pulmonary artery lie the left main 
bronchus (AÏS) and left pulmonary veins 
(A19). 

The few structures in the anterior part ofthe 
inferior mediastinum are not distinguishable 
in Figure A, 

Pronounced impressions on the médial sur¬ 
face of the left lung are formed by the aortic 
arch and thorade part of the aorta. 


CBnical note. Inflammation invojving the con¬ 
nective tissue spaces of the neck can spread 
unimpeded to the mediastinum.. Modem im- 
aging modalities such. as cr and MRIpresent a 
signifiant contribution and improvement 
over conventional radiography in the diagnosis 
of médiastinal processus. 
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A Left view of mediastinum 
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OverView 

General Structure and Functions 

The main purpose of the alimentary System 
is to ingest food, break it down mechanically 
and enzymatically, and utilize its nutrients. 
Food supplies the human body with energy 
mostly from proteins, fats, and carbohy¬ 
drates, as well as providing vital trace sub¬ 
stances such as vitamins. 

The human alimentary System can be 
divided into two parts, based on its tasks. 
The first part, consisting of the digestive 
organs contained in the head, is concerned 
with the ingestion and mechanical break- 
down of food. In the second part, beginning 
with the esophagus, enzymes transform 
ingested food into nutrients, which are 
chemically broken down and absorbed, and 
wastes thatare eliminated. 

Mouth and pharynx (A). The initial part of 
the alimentary canal consists of the oral cav- 
ity (Al), along with the major and minor 
salivary glands, and the middle and lower por¬ 
tions of the pharynx (A2). In the first part of 
the digestive tract, food is ingested and 
broken down with the help of the lips (A3), 
teeth (A4), and tongue (A5). Saliva lubricates 
the food bolus which is then swallowed in 
individual portions and transported into the 
pharynx. 

Digestive tract proper. The second part of 
the alimentary System begins with the 
esophagus (A6) and indudes the remainder 
of the alimentary canal as well as the acces- 
sory digestive organs consisting of the liver 
(A7) and pancréas (A8). The esophagus 
transports the bolus of food toward the 
stomach (A9) where enzymatic breakdown 
of food into nutrients begins. Digestion is 
completed in the small intestine (A10) where 
component nutrients are absorbed after 
being further broken down by sécrétions re~ 
leased from numerous glands. The main 
function of the large intestine (Ail) is to re- 
sorb water and electrolytes from the intesti¬ 
nal contents which are transformed by fer¬ 
mentation and décomposition into feces 
and transported to the anus (A12). 


Structure of the Walls of the Digestive 
Organs 

The alimentary System is basically a muscu- 
lar tube lined with epithelium and adapted re- 
gionally to the various functions of the 
digestive organs. The greater part of the 
epithelium-lined tube is derived from the 
endoderm (see Color Atlas of Embryology). 

Mouth and pharynx. Each of the organs of 
the initial part of the alimentary canal has a 
different function and thus structure. The 
tongue, for instance, is composed of striated 
muscle lined by highly differentiated 
épithélial cells. Also contained in the oral 
cavity are the teeth which are composed of 
various hard tissues. 

Organs of the digestive tract proper. Most 
of the organs making up the digestive tract 
proper are involved in résorption and hâve 
structurally similar walls formed by several 
layers (B), consisting of a mucosa (B13), a 
submucosa (B14), a muscular layer (B15), a 
serosa, and a subserosa or adventitia (B16). 
The mucosa is composed of three layers: an 
épithélial lining which varies regionally and 
is characteristic for each segment; a layer of 
connective tissue ( lamina propria ); and a 
muscular layer (muscu/arïs mucosae). The 
submucosa consists of a layer of underlying 
connective tissue. The muscular layer con¬ 
tai ns two layers of smooth muscle, a drcular 
layer and a longitudinal layer. On its outer 
surface the intestinal canal is either covered 
by peritoneal serosa or embedded in the sur- 
rounding structures by the adventitia. 

The entire intestinal canal is innervated 
by the autonomie nervous System. The intrinsic, 
or enteric nervous System, consists of in- 
tramural plexuses, i.e., the submucous plexus 
(Meissner’s plexus) of the submucosa, and 
the myenteric plexus (Auerbach’s plexus) (see 
Vol. 3, p. 300) between the layers of the 
muscular coat. The intramural plexuses are 
directly connected to the extrinsic (auto¬ 
nomie) nervous System located outside of 
the gut tube. 
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Alimentary System: Oral Cavity 


Oral Cavity 

General Structure 

The oral cavity is the space lined by the 
mucous membrane of the mouth. It may be 
divided into three consecutive segments: 
the oral vestibule (Al ), the oral cavity proper 
(A2 ), and the fauces. The isthmus of fauces 
(A3) forms the junction of the oral cavity 
with the pharynx. 

Oral vestibule. The oral vestibule is 
bounded anteriorly by the lips (A4), laterally 
by the cheeks (A5), and intemally by the teeth 
(A6 ) and alveolar processes (A7) of the max- 
illa and mandible. The gingiva (CD8) is the 
part of the mucous membrane that overlies 
the alveolar processes and is firmly attached 
to the bone. The gingival mucosa reflects on 
to the lips and cheeks, forming the fomix 
(C9) which has a freely movable mucous 
membrane. Each of the lips is attached at its 
midpoint to the gingiva of the maxilla or 
mandible by a fold of mucous membrane 
known as the frenulum of upper lip (AlO) or 
frenulum of lower lip (Ail ). Numerous minor 
salivary glands as well as the duct of the 
parotid gland (see p. 154) open into the oral 
vestibule. When the teeth are ocduded, the 
only communication between the oral ves¬ 
tibule and the oral cavity proper is behind 
the third molar tooth. 

Oral cavity proper. The anterior and latéral 

boundaries of the oral cavity proper are 
formed by the alveolar processe s, teeth, and 
gingiva. It communicates posteriorly with the 
isthmus of fauces. The roof of the oral cavity, 
formed by the hard palate (A12) and soft 
palate (A13), séparâtes it from the nasal cav¬ 
ity. Its flooris formed by the muscularfloorof 
the mouth (see p. 152) on which the tongue 
(ACD14) rests. 

A15 Palatoglossal arch, A16 Palatopharyngeal 
arch, A17 Palatine tonsil. A18 Uvula 

Lips and Cheeks 

The boundary between the cheeks and the 
lips is demarcated on the face by the na- 
solabial sulcus (B19). 


Lips. The upper lip extends to the base of the 
extemal nose and the lower lip to the men- 
tolabial sulcus (B20). The upper lip (B21) and 
lower lip (B22), which meet at either side to 
form the angle of mouth (B23) (labial com¬ 
missure), surround the oral fissure (B24). 
Around the oral fissure, the skin of the face 
meets the mucous membrane of the mouth 
in a transition zone called the vermillion 
border. A thickening of the vermillion border 
on the upper lip forms a tubercle from which 
a furrow in the skin called the philtrum 
(B25) passes toward the nose. 

Histology. The lips are fibromuscular folds con- 
sisting of facial skin and oral mucosa overlying the 
orbicularis oris (C26), the muscle that forms their 
bu 1 k, which is one of the muscles of facial expres¬ 
sion. On their outer surface, the lips are covered by 
epidermis as well as hait and sweat and sebaceous 
glands. The transition zone, or vermillion border 
(C27), where the orbicularis oris folds outwardly. 
is characterized by lightly keratinized epithelium. 
The inner surface of the vermillion border is con- 
tinuous with the oral mucosa which is lined by 
strotified, nonkeratinized squamous epithelium 
and contains seromucous labial glands (C28). 

Cheeks (D). The principal muscle of the 
cheeks is the buccinator (D29), a sheet of 
muscle belonging to the muscles of facial 
expression. On its inner aspect, the buccina¬ 
tor is lined by the mucous membrane of the 
mouth which contains small salivary glands 
called buccal glands. Lying on its outer 
aspect is the buccal fat pad (Bichat’s fat pad) 
(D30) 

Vessels, nerves, and lymph nodes. The 

cheeks and lips are supplied by branches of 
the facial artery. Venous drainage is through 
the facial vein. Sensory innervation of the 
upper lip is provided by the infraorbital 
nerve (a branch of the maxillary nerve); that 
of the lower lip by the mental nerve (a 
branch of the mandibular nerve); and that 
of the mucous membrane of the cheek by 
the buccal nerve (a branch of the mandibular 
nerve). Lymph from the upper lip drains to 
the submandibular lymph nodes and the 
upper group of cervical lymph nodes. 
Lymph from the latéral portion of the lower 
lip drains to the submandibular lymph 
nodes and lymph from the middle of the 
lower lip to the submental lymph nodes. 
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Alimentary System: Oral Cavity 


Palate 

Hard palate (A). The anterior two-thirds of 
the roof of the oral cavity are formed by the 
hard palate. The skeletal framework of the 
hard palate consists of the palatine process 
of the maxilla and the horizontal plate of the 
palatine bone (see Vol. 1, p. 294). The bones 
of the hard palate are covered by periosteum 
and a thick mucosa that is firmly attached to 
the periosteum and is continuous anteriorly 
with the gingiva. In the midline there is a 
mucosal ridge known as the palatine raphe 
(Al), a tissue élévation that overlies the 
bony médian palatine suture and ends ante¬ 
riorly in a small eminence known as the in¬ 
cisive papilla (A2). On either side of the 
palatine raphe the mucosa forms flat. trans¬ 
verse ridges called palatine rugae (A3). When 
food is ingested, the tongue presses it 
against these ridges and grooves. Lying to 
the right and left of the midline, in the pos- 
terior portion of the mucosal lining of the 
hard palate, are small mucous-secreting 
palatine glands which produce saliva that lu- 
bricates ingested food. 

Soft palate (B). The posterior one-third of 
the roof of the oral cavity is formed by the 
soft palate which extends obliquely back- 
ward from the hard palate like a sail. Hang- 
ing down from the middle of the posterior 
border of the soft palate is the uvula (ABC4), 
a small conical mass of tissue. On either side 
from the uvula, two palatine arches extend 
downward, diverging as they pass caudally. 
The two folds of each side surround a niche 
containing the palatine tonsil (B5). The ante¬ 
rior of the two, the palatoglossal arch (B6), 
passes to the latéral margin of the tongue 
while the posterior arch, the palatopharyn- 
geal arch (B7), extends into the wall of the 
pharynx. The narrowed portion of the 
fauces produced by the two arches, the isth- 
mus of fauces, forms the entrance to the 
pharynx and can be closed by muscular ac¬ 
tion. The mucosa and glands of the hard pal¬ 
ate are continuous with those of the soft 
palate. 


Palatine Muscles 

The palatine muscles insert into the firm, 
fibrous palatine aponeurosis (C8) which con- 
tributes to formation of the soft palate. 

Tensor veli palatini (C9). The tensor muscle 
of the soft palate arises as a thin, trianguiar 
sheet of muscle from the cranial base and 
the wall of the auditory tube. It passes 
downward and ends in a tendon that passes 
around the pterygoid hamulus (CIO) and 
continues horizontally to merge with the 
palatine aponeurosis. The tensor veli pala¬ 
tini tenses and elevates the soft palate until 
it lies in the horizontal plane, thereby open- 
ing the orifice of the auditory tube. It is in- 
nervated by a branch from the mandibular 
nerve. 

Levator veli palatini (Cil). The levator veli 
palatini arises at the cranial base posterior 
and médial to the tensor veli palatini and 
the torus tubarius. It passes obliquely for- 
ward, downward, and medially to insert 
into the palatine aponeurosis. It elevates and 
retracts the soft palate. Innervation is by the 
pharyngeal plexus. 

Along with the superior constrictor muscle 
of the pharynx, the tensor veli palatini and 
levator veli palatini contribute to the forma¬ 
tion of the latéral wall of the pharynx. 

Palatoglossus (B12). The palatoglossus 
muscle lies in the anterior palatine arch. It 
arises from the palatine aponeurosis and 
passes into the latéral margin of the base of 
the tongue. It acts to constrict the isthmus of 
fauces and is innervated by the glos- 
sopharyngeal nerve. 

Palatopharyngeus (B13). The palato- 
pharyngeus lies in the posterior palatine 
arch. It also arises from the palatine 
aponeurosis and is one of the muscles that 
elevate the pharynx. Innervation is by the 
glossopharyngeal nerve. 

Musculus uvulae (B14). The muscuius 
uvulae is a paired muscle that arises from 
the bony hard palate. It inserts behind the 
levator veli palatini into the aponeurosis of 
the uvula, extending within the uvula to its 
tip. It shortens the uvula and is innervated 
by the pharyngeal plexus. 
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Alimentary System: Oral Cavity 


Tongue 

The tongue is a strong muscular organ with a 
highly differentiated mucous membrane. 

It can be divided into a body, a tip (apex) (Al ), 
and a rootwhich attaches it to the surround- 
ing bony structures. The convex surface of 
the tongue, the dorsum of tongue (A2), is 
divided into two portions by a V-shaped fur- 
row known as the terminal sulcus (A3). At the 
tip of the terminal sulcus is the foramen 
c ecum (A4), from which the thyroid precur- 
sor is derived. 

About two-thirds of the tongue lie in front 
of the sulcus. This part forms the oral 
tongue, also known as the anterior part or 
presulcal part (A5). Posterior to the sulcus, 
the remaining one-third forms the pharyn- 
geal part, also known as the posterior part or 
postsulcal part (A6). This part of the tongue 
lies behind the palatoglossal arch in the 
oropharynx and is nearly vertical. The ante¬ 
rior and posterior parts of the tongue differ 
in terms of mucosal structure, innervation, 
and embryological origin. 

Anterior part. The oral tongue lies on the 
floor of the mouth. The dorsum of the ante¬ 
rior part of the tongue is in contact with the 
palate, the tip touches the incisor teeth, and 
the margin of tongue (A7) touches the pre- 
molar teeth. The dorsum of the tongue is 
continuous at its margin with the inferior 
surface of tongue (see p. 152). The mucous 
membrane covering the dorsum of the 
tongue is composed of stratified, nonkerat- 
inized squamous epithelium and is firmly at- 
tached to the underlying sheet of connec¬ 
tive tissue known as the lingual aponeurosis. 
The mucous membrane covering the oral 
tongue présents a midline groove known as 
the médian sulcus of tongue (A8). The mucosal 
structure of the dorsum of the tongue is 
given its characteristic appearance by the 
various papillae of tongue (A9, B-E) which 
consist of a connective tissue core with an 
épithélial covering. 

Papillae of the tongue. The lingual papillae may 
be divided into four types according to shape: 
Filiform papillae (B10, C) are threadlike papillae 
which hâve projections composed of keratinized 
epithelium that are split at their tips. They are 


distributed over most of the dorsum of the tongue 
and mainly transmit racri/e information . They do 
not contain taste buds. Fungiform papillae (Bll, D) 
are mushroom-shaped épithélial projections that 
are mostly located on the margin of the tongue, 
They contain rasre buds as well as mechanorecep- 
tors and thermoreceptors. Foliacé papillae (A12) are 
leaf-shaped papillae arranged in rows along the 
posterior margin of the tongue that hâve abun- 
dant rasre buds. Vallate papillae (B13, E), the largest 
type of papilla. lie anterior to the terminal sulcus. 
They are surrounded by a circular sulcus with a 
raised wall. and contain numerous faste buds (see 
Vol. 3, p. 326). 

Posterior part The postsulcal, pharyngeal 
part of the tongue (also referred to as the 
base or root of the tongue) forms the ante¬ 
rior wall of the oropharynx. The base of the 
tongue is continuous laterally with the 
palatine tonsil (A14) and the latéral wall of 
the pharynx. Three mucosal folds extend 
from the posterior part of the tongue to the 
epiglottis: the médian glossoepiglottic fold 
(A15) in the midline and a latéral glosso¬ 
epiglottic fold (A16) from each side. Between 
these folds are two dépréssions known as 
the epiglottic valleculae (A17). The irregular 
surface of the base of the tongue is formed 
by subepithelial lymphoid follicles known 
as lingual follicles (AB18). The lingual follicles 
collectively form the lingual tonsil (see p. 
396). 

Innervation of the mucous membrane of 
the tongue. General sensory innervation of 
the presulcal part is provided by the lingual 
nerve (arising from the mandibular nerve). 
Innervation of sensory receptor organs and 
(except the vallate papillae) is by the chorda 
tympani (arising from the intermediate 
nerve, part of the facial nerve). The postsulcal 
part, with the exception of the epiglottic val¬ 
leculae, receives sensory innervation from 
the glossopharyngeal nerve. The epiglottic 
valleculae are innervated by the vagus 
nerve. Sensory afferent fibers from the taste 
buds on the posterior one-third of the 
tongue also travel via the glossopharyngeal 
nerve and from the région a round the 
epiglottic valleculae via the vagus nerve. 
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B Papillae of tongue, detail 
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Alimentary System: Oral Cavity 


Muscles of the Tongue 

The muscles of the tongue are divided into 
extrinsic muscles which arise from skeletal 
structures, and intrinsic muscles, which are 
located only inside the tongue and are not 
attached to bone. 


the hyoglossus, distributing its terminal 
portions, the deep lingual artery and sublin¬ 
gual artery, beneath the muscle. 

AB10 Geniohyoid, Alt Palatoglossus, A12 palato- 
pharyngeus, A13 Superior constrictor muscle of 
pharynx 


Extrinsic Muscles of the Tongue 

The extrinsic muscles of the tongue include 
the genioglossus, hyoglossus, styloglossus, 
and palatoglossus. For information on the 
palatoglossus see the discussion of the 
muscles of the soft palate (see p. 146). 

Genioglossus (AB1). The genioglossus is a 
paired muscle that arises from the mental 
spine above the geniohyoid. It fans out pos- 
teriorly and superiorly from the tip of the 
tongue into the body ofthe tongue where its 
fibers merge with those of the intrinsic 
tongue muscles. The genioglossus moves 
the tongue forward and draws it toward the 
floor of the mouth. 

Hyoglossus (A2). The hyoglossus arises as a 
thin, four-sided sheet of muscle from the 
greater horn of the hyoid bone (A3) and the 
body ofthe hyoid bone (A4). It passes almost 
vertically to radiate into the tongue laterally 
to the genioglossus. If the hyoid bone is 
fixed, the hyoglossus draws the tongue 
backward and upward. 

Styloglossus (A5). The styloglossus arises 
from the styloid process and passes anteri- 
orly in the latéral border of the tongue to the 
apex of the tongue . The styloglossus draws 
the tongue backward and upward. 

Neurovascular supply. With the exception 
of the palatoglossus, the extrinsic muscles 
of the tongue are innervated by the hypo¬ 
glosse! nerve (A6). The hypoglossal nerve lies 
on the hyoglossus muscle, giving off a small 
branch to its anterior border that passes for¬ 
ward into the geniohyoid. It also gives ri se to 
a thick, ascending branch to the genioglos¬ 
sus and intrinsic tongue muscles. The as¬ 
cending terminal branch of the hypoglossal 
nerve crosses below the duct of the sub- 
mandibular gland (A7) and the lingual 
nerve (A8). Blood supply to the tongue 
muscles is from the lingual artery (A9) which 
runs from posterior and passes deep under 


Intrinsic Muscles ofthe Tongue 

The intrinsic muscles of the tongue consist 
of groups of fibers which run in each of the 
three principal planes and are attached to 
the connective tissue framework of the 
tongue. The connective tissue framework 
consists of the lingual septum, a médian 
sagittal flbrous tissue septum dividing the 
tongue into two halves, and the lingual 
aponeurosis (C14), a tough sheet of connec¬ 
tive tissue on the dorsum of the tongue be- 
tween the mucous membrane and muscles 
of the tongue. On either side of the lingual 
septum are the following fiber bundles. 

Superior and inferior longitudinal 
muscles (B15). These superior and inferior 
longitudinal muscles are well-defined 
bundles that pass near the dorsum of the 
tongue and the inferior surface of the 
tongue from its tip to its base. 

Transverse muscle of tongue (C17). The 

transverse muscle of the tongue is a power- 
ful muscle consisting of transverse fibers, 
some of which radiate into the lingual sep¬ 
tum, lingual aponeurosis, and latéral margin 
of the tongue. A small number of fibers cross 
over the septum. 

Vertical muscle of tongue (C18). The verti¬ 
cal muscle of the tongue is composed of 
fiber bundles that pass from the dorsum of 
the tongue to its inferior surface. 

The intrinsic muscles alter the shape of the 
tongue. Two muscles usually act as agonists, 
forcing the third to relax. The intrinsic 
muscles of the tongue are innervated by the 

hypoglossal nerve. 

Clinical note. Disorders of the hypoglossal nerve 
can lead to paralysis of one half of the tongue. 
The unaffected half moves toward the affected 
half, with the tip of the tongue pointing 
toward the side affected by paralysis. 

BC19 Mylohyoid, C20 Platysma 
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A Muscles of tongue 


C Muscles of tongue, 
frontal section 
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B Tongue and oral cavity, 
sagittal section 
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Inferior Surface of the Tongue (A) 

The inferior surface of the tongue rests on 
the floor of the mouth and can only be ob- 
served when the tongue is lifted. The mu- 
cosa on the inferior surface of the tongue is 
thin and adhères loosely to the underlying 
tissues. In the midline the mucosa forms the 
frenulum of tongue (Al), a mucosal fold that 
extends to the gingiva of the mandible. On 
either side of the frenulum of the tongue, 
the thick, blue deep lingual vein (A2) can be 
seen shimmering through the mucosa. The 
fringed fimbriated fold (A3) usually lies 
latéral to it and is a rudiment of the sublin- 
gua which is présent in animais. Near the tip 
of the tongue, a small sublingual gland may 
produce a mucosal élévation on each side. 
On the floor of the oral cavity the mucosa 
contains a narrow longitudinal fold on 
either side known as the sublingual fold (A4) 
which conceals the sublingual gland (see p. 
154). At the anterior end of the fold is a 
wartlike prominence known as the sublin¬ 
gual carunde (A5) where the ducts of the 
large sublingual gland and submandibular 
gland open together or near each other. 

Floor of the Mouth 

The floor of the oral cavity lies between the 
anterior portions of the rami of the 
mandible. It is formed by a sheet of muscle 
known as the diaphragma oris which is 
mainly formed by the mylohyoid muscles. 

Mylohyoid (B6). The mylohyoid muscle 
originates from the mylohyoid line (B7) on 
the mandible and passes to a médian raphe 
and to the hyoid bone (B8). Innervation of 
the mylohyoid is supplied by the nerve to 
mylohyoid (arising from the mandibular 
nerve). 

Ceniohyoid (B9). The geniohyoid lies on 
either side of the midline of the floor of the 
oral cavity and reinforces it from the inside. 
It arises at the mental spine and passes to 
the hyoid bone. Innervation is provided by 
the anterior rami of theyïrsf and second cer¬ 
vical nerves via fi bers traveling in the hypo- 
glossal nerve. 


Digastric. The digastric muscle consists of 
two bellies. Its posteriorbelly arises from the 
mostoid notch and is continuous at the level 
of the body of the hyoid bone with an inter- 
mediate tendon; innervation is provided by 
the facial nerve. Its anterior belly originates 
from the digastricfossa of the mandible and 
is continuous with the intermediate tendon 
which is attached to the hyoid bone by a con¬ 
nective tissue loop (see p. 155 A). Innerva¬ 
tion of the anterior belly is provided by the 
nerve to mylohyoid. 

Stylohyoid. The stylohyoid muscle origi¬ 
nates from the styloid process and inserts 
into the body and greater horn of the hyoid 
bone. Its tendon of insertion divides to en- 
circle the intermediate tendon of the diga¬ 
stric. The stylohyoid is innervated by the fa¬ 
cial nerve. 

The muscles discussed above, ail of which 
are located above the hyoid bone, are re- 
ferred to as the suprahyoid muscles. The su- 
prahyoid muscles are involved in active 
opening of the mouth and raising the hyoid 
bone upward and forward during swallow- 
ing. 

B10 Hyoglossus, B11 Stylohyoid, B12 Lingual 
artery 
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Salivary Glands 

The ducts from numerous small salivary 
glands known as the minor salivary glands as 
well as those from the three paired major 
salivary glands drain into the oral cavity. 

Minor Salivary Glands 

The minor salivary glands include the 
“ packages " of glandular tissue lying in the 
mucosa of the lips, cheeks, tongue, and palate 
containing mucous secretory units (see p. 
156) as well as the anterior lingual glands 
which are located in the tip of the tongue, 
sometimes on the underside of its apex. On 
top of the papillae of the tongue are small 
glands known as cleansing glands that con- 
tain only serous secretory units (see p. 156). 
The main function of the minor salivary 
glands is to moisten the oral mucosa. 

Major Salivary Glands 

Parotid gland (Al ). The purely serous parotid 
gland (“parotid" for short) is the largest of 
the salivary glands, lt is enclosed in the 
tough parotid fascia and lies in front of the ex¬ 
ternat acoustic meatus on the posterior part 
of the masseter (A2). lt covers the temporo- 
mandibular joint and is divided by the 
branches of the facial nerve into a superficial 
part and a deep part. The parotid gland ex- 
tends superiorly to the zygomatic arch (A3), 
inferiorly to the angle of the mandible (A4), 
and deeply, behind the ramus of the 
mandible in the retromandibular fossa (see 
Vol. 1. p. 352) to the wall of the pharynx. The 
3-4 mm thick parotid duct (A5) projects from 
the anterior border of the gland and passes 
paralle) to the zygomatic arch over the 
masseter and buccal fat pad, penetrating the 
buccinator (A6) and opening in the oral ves¬ 
tibule at the level of the upper second molar 
tooth on the parotid papilla. A small accessory 
parotid gland (A7) often lies adjacent to the 
duct. The production and release of glandu¬ 
lar sécrétions are regulated by the auto¬ 
nomie nervous System. Preganglionic para- 
sympathetic fibers travel in the glossopharyn- 
geal nerve (see Vol. 3, p. 130), synapse in the 
oticganglion, and are ultimately distributed 
to the gland in branches of the facial nerve. 


Sympathetic fibers arise from the extemal 
carotid plexus and accompany vessels to the 
gland. 

Submandibular gland (AB8). The predomi- 
nantly serous submandibular gland lies in the 
submandibular triangle (see Vol. 1, p. 350) 
which is bounded by the mandible and the 
anterior (A9) and posterior (A10 ) bellies of 
the digastric muscle. The body of the gland 
is enclosed in a capsule and lies under the 
mylohyoid (Ail), extending deeply to the 
hyoglossus (B12) and styloglossus. The sub¬ 
mandibular duct (B13) is accompanied by a 
hook-like process of glandular tissue. lt 
travels along the superior surface of the 
posterior border of the mylohyoid, then 
passes forward, médial to the sublingual 
gland (B14), to open on the sublingual 
carunde (B15). The preganglionic parasympa- 
thetic fibers to the submandibular gland 
arise from the chorda tympani, a branch of 
the facial nerve (see Vol. 3, p. 122), pass to 
the submandibular ganglion, and leave it as 
the postganglionic fibers that innervate the 
gland. Sympathetic fibers reach the gland via 
adjacent blood vessels. 

Sublingual gland (B14). The predominantly 
mucous sublingual gland lies on the mylohy¬ 
oid and produces the sublingual fold (B16). lt 
extends laterally as far as the mandible and 
medially to the geniog/ossus (B17). The duct 
of the principal gland of the sublingual gland 
complex, the major sublingual duct, opens on 
the sublingual carunde alone or after uniting 
with the submandibular duct. The numer¬ 
ous minor sublingual glands hâve short ducts 
that open along the sublingual fold directly 
into the oral cavity. Parasympathetic fibers 
reach the sublingual gland by the same 
route as those to the submandibular gland. 
Sympathetic fibers travel to it via the vascular 
plexus along the lingual artery. 

B18 Hypoglossal nerve, B19 Lingual artery 
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Alimentary System: Oral Cavity 


Microscopie Anatomy of the 
Salivary Glands 

The salivary glands are exocrine glands that 
secrete saliva through their ducts into the 
oral cavity. Saliva increases the slipperiness 
of chewed food, has bactericidal properties, 
and contains an enzyme that breaks down 
carbohydrates. A total of 0.5-2.0 liters of 
saliva are secreted daily in response to 
stimulation of chemoreceptors in the mouth. 
as a resultofchewingmovements.anddueto 
psychological stimuli. The composition of 
saliva dépends on the gland from which it is 
secreted and its functional status. Saliva can 
be in the form of watery, serous saliva con- 
taining the enzyme a-amylase or it can be 
v/scous, mucous saliva containing mucopoly- 
saccharides and glycoproteins. 

Microscopie features of individual salivary 
glands vary accordingly. Each gland consists 
of groups of exocrine cells that make up the 
secretory unit (I) and a System of ducts (II). 
Secretory units may consist of only serous 
cells (A-Cl), only mucous cells (ACD2), or 
mixed cells in various proportions (D). 

Secretory unit Serous cells typically form a 
secretory unit (end-piece) cailed an acinus 
that is shaped like a berry and contains a 
small lumen (Al). Acinar cells are tall, hâve 
a thick basophilie cytoplasm, and a round, 
centrally located nucléus. 

Mucous cells tend to form secretory units 
consisting of a small tubule with a wide 
lumen (A2). Tubular cells are tall, their cyto¬ 
plasm has a honeycomb appearance, and 
their flattened nuclei lie near the base of the 
cells. Lying between the mucous cells and 
their basement membranes are myo¬ 
epithelial cells, contractile cells that facilitate 
the sécrétion of saliva. 

Excretory duct System. The duct System 
proceeds from the secretory units and is 
composed of various portions, some of 
which are not présent in every gland. The 
intercalated duct (A3), which has a small 
diameter and is lined by low epithelium, 
drains the secretory unit. This segment is 
followed by a secretory (striated) duct (ABC4). 
Secretory ducts hâve a large diameter and 


are lined by a simple epithelium consisting 
of tall prismatic cells with basal striations. 
These striations are produced by infoldings 
of the plasma membrane with columns of 
vertically arranged mitochondria between 
them. The secretory ducts open into pro¬ 
gressive^ larger excretory ducts (A5) which 
hâve a wide lumen containing simple or 
pseudostratified epithelium consisting of 
stratified tall prismatic cells. 

Salivary glands are subdivided by connec¬ 
tive tissue into lobes and lobules. The 
secretory units, intercalated ducts, and 
secretory ducts are intralobular structures sit- 
uated in the lobules of the gland. The ex¬ 
cretory ducts lie in the connective tissue be¬ 
tween the lobules and thus are interlobular 
structures. 

The parotid gland (B) is a purely serous gland 
which contains ail of the components of the 
duct System. 

The submandibular gland (C) is a mixed, pré¬ 
dominant^ serous gland, some of whose in¬ 
tercalated ducts are converted into mucous 
tubules. The crescent-shaped tubules rest 
atop the serous secretory units. The sub¬ 
mandibular gland also contains ail other 
components of the duct System. 

The sublingual gland (D) is a mixed, prédomi¬ 
nant^ mucous gland with virtually no inter¬ 
calated or secretory ducts. 
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D Mixed, predominantly 
mucous salivary glands 


C Mixed, predominantly serous 
salivary glands 
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Alimentary System: Oral Cavity 


Teeth 

ln human dentition, the teeth are contained 
in the bony sockets of the mandible and 
maxilla without any space (diastema) be- 
tween adjacent teeth. Humans hâve hetero- 
dont dentition, that is, individual teeth are 
shaped differently according to function. In 
the human dental arcade, one set of teeth 
replaces another, i.e., humans are diphyo- 
dont. The first set of teeth consists of the 
deciduous teeth, which are later replaced by 
the permanent teeth. 

Tooth segments. Each tooth can be divided 
into three segments: a crown (Al), a neck 
(A2), and a root (A3). The root is that part of 
the tooth which lies in the bony socket and 
is secured by the periodontium. The neck of 
the tooth describes the narrow junction be- 
tween the crown and root; it projects above 
the socket, but is covered by the gingiva. 

Crown. The crown is the part of the tooth 
visible above the gingiva. Several surfaces 
may be distinguished: the occlusal surface 
(B4), which has contact with the tooth in 
the opposing dental arcade; the vestibular 
surface (A5) facing the lips (B5 a) or cheeks 
(B5 b); the lingual surface (B6) or palatal sur¬ 
face (B7), namely the inner surface; and the 
approximal surface (B8) facing the adjacent 
tooth. The approximal surface is subdivided 
into a mesial surface (B8 a), which faces 
anteriorly or medially, and a distal surface 
(B8 b), which faces posteriorly or laterally. 

Dental arcades. The teeth of the maxilla 
and mandible are arranged in dental arches 
known as the upper and lower dental arcades. 
The maxillary dental arcade is shaped like a 
half of an ellipse while the mandibular den¬ 
tal arcade is shaped like a parabola. With 
normal occlusion the teeth thus do not meet 
exactly; the incisor teeth of the maxilla 
overlap those of the mandible. If the dental 
arcade is divided in half along the médian 
plane, the teeth of one half are arranged in 
the mirror image of those of the other half. 
The permanent teeth are ordered according 
to function. From mesial to distal they are: 
the two incisor teeth (B9), followed by one 


canine tooth (B10), then two premolar teetl 
(Bll), and finally three molar teeth (B12 

(4x8 = 32 teeth). 

Functional anatomy. The incisor teeth are used fo 
biting and hâve a chisel-shaped crown with a hor 
izontal cuttingedge. There is usually an eminena 
on the lingual or palatal surface known as the 
tubercle of tooth (B13). The incisor tooth has ; 
single, long, conical root. The canine teeth are usée 
for tearing and grasping. Each canine tooth ha; 
two cutting edges, a cusp tip, and a single, ver* 
long root. The premolar teeth are used for grinding 
food. Each premolar tooth has two cusps (B14) on 
its occlusal surface which end in an apex of cusp 
The roots of the upper premotar teeth are divided 
while the lower premolars hâve simple roots. The 
molar teeth are responsible for the bulk of chewing. 
Their occlusal surfaces hâve four cusps each. The 
molar teeth of the maxilla hâve three roots eac|i 
and those of the mandible hâve two roots each. 

Tooth sockets, alveoli. The teeth are 
housed in the bony sockets of the alveolar 
processes of the maxilla and mandible. In¬ 
dividual sockets are séparated from each 
other by interalveolarsepta (B15) Sockets that 
hold teeth possessing multiple roots are 
subdivided within the socket by interradicu- 
larsepta (B16). 

Dental formulas. Various numbering Systems are 
used to identify teeth and these often differ inter- 
nationally. The Fédération Dentaire Internationale 
(FDI) has introduced a computerized System for 
numbering teeth by quadrants beginning from 
the upper right quadrant with 1 -4 (first digit) and 
then numbering the teeth from mesial to distal as 
1-8 (second digit). 

Right maxillary quadrant: 11. 12,13, 14,15. 16 17 
18 

Left maxillary quadrant: 21, 22, 23. 24, 25, 26 27 
28 

Left mandibular quadrant: 31, 32, 33, 34. 35 36 
37. 38 

Right mandibular quadrant: 41, 42. 43, 44 45 46 
47, 48 
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I 


Parts of the Tooth and the 
Periodontium 

The bulk of the tooth consists of dentin (AB1 ) 
surrounding a pulp cavity (AB2) filled with 
loose connective tissue known as dental 
pulp. The pulp cavity consists of the pulp 
cavity of crown (B2 a), the root canal (B2 b), 
and the apical foramen (B2 c), an opening at 
the tip of the root. The portion of the dentin 
in the tooth crown is surrounded by enamel 
(AB3) and the dentin of the tooth root is 
covered by a substance that resembles 
woven bone. called cernent (AB4). The 
enamel and cernent meet at the neck of the 
tooth. The tooth in the bony Socket is held 
by a fïbrous periodontal ligament (B5) that 
connects the root to the alveolar bone and 
permits slight mobility. Together the perio¬ 
dontal fibers, cernent, gingiva, and alveolar 
wall are collectively known as the perio¬ 
dontium. The gingiva (B6) which projects 
above the border of the alveolus. is lined on 
its surface facing the tooth by épithélial cells 
that form a junctional epithelium (B7). The 
junctional epithelium overlies the denti- 
noenamel junction of the neck of the tooth 
and Unes the gingival sulcus (B8). a furrow 
between the tooth and gingival margin. 

Microscopie Anatomy of the Tooth and 
Periodontium 

The dentin, enamel, and cernent of the tooth 
are ail composed of hard tissue that re¬ 
sembles bone. 

Dentin. Dentin is formed by odontoblasts 
lying adjacent to its inner surface. Odonto¬ 
blasts send projections called odontoblastic 
processes (Tomes fibers) into the dental 
canaliculi (B9) which extend to the den- 
tinoenamel or cementodentinal junction 
(B10). The dental canaliculi are walled in by 
ground substance which, similar to bone, con¬ 
sists of organic matrix, collagen fibrils, and 
calcium salts. There are no blood vessels in 
the dentin. 

Enamel. Enamel is the hardest substance in 
the human body. It is acellular; its ground sub¬ 
stance, consisting of about 97% of inorganic 
material and devoid of collagen fibrils, is 


composed of enamel prisms which are joined 
by an interprismatic matrix containing little 
calcium. 

Cernent. Cernent contains few cells and re¬ 
sembles woven bone. It is connected by col¬ 
lagen fibers to the dentin and alveolar wall. 
The collagen fibers (Sharpey’s fibers) in the 
periodontal ligament (B5) run between the 
cernent and bony socket and are anchored 
in both of these hard tissues. 

Dental pulp. Dental pulp consists of loose 
connective tissue. It is well vascularized and 
contains myelinated and unmyelinated 
nerves. The odontoblasts are arranged like a 
palisade at the dentine junction and con¬ 
tinue to produce dentin even in old âge. 

Clfnical note. Deepening of the gingiva! sulcus 
leads to a formation of pockets. leaving the 
neck of the tooth exposed. In clinica! usage, the 
part of the tooth projecting above the gingiva 
is referred to as the dinical crown. and the part 
below the gingival margin as the clinica! root. 
Periodontitîs is a condition in which the gin¬ 
giva séparâtes from the tooth. Colonization of 
bacteria in periodontal “pockets" can ulti- 
mately !ead to inflammation and damage to 
the periodontium. 
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B Microanatomy of tooth and socket 


Alimentary System 







































Alimentary System 


162 Alimentary System: Oral Cavity 


Dedduous Teeth 

The deciduous (primary) teeth are a light 
bluish color and hâve a translucent appear- 
ance, similar to that of porcelain. The entire 
dental arcade contains a total of 20 teeth 
with each halfof the dental arch holdingtwo 
incisor teeth (Al), one canine tooth (A2), and 
two primary molars (A3). The shape of the pri¬ 
mary teeth resembles that of the permanent 
teeth. The dentin is thinner and less durable 
than that of the permanent teeth. 

The primary and permanent teeth develop in two 
phases. The germs of the primary teeth begin 
forming during the second month of embryonic 
development at the site of the future maxilla and 
mandible (see p. 164. Development of the Teeth). 

Dental formula for deciduous teeth. Based on 
the FDI System (see p. 158), primary dentition is 
numbered as follows: the first digit (5-8) corre¬ 
sponds to the quadrants from upper right to 
lower right and the second digit (1-5) identifies 
the teeth from mesial to distal: 

Right maxillary quadrant: 51, 52, 53, 54, 55. 

Left maxillary quadrant: 61, 62, 63. 64, 65. 

Left mandibular quadrant: 71, 72, 73. 74. 75. 

Right mandibular quadrant: 81, 82. 83, 84. 85. 

Eruption of the Primary and 
Permanent Dentition 

Eruption of the primary dentition begins 
between the sixth and eighth months of post¬ 
natal life and is completed near the end of 
the second year of life. The incisor teeth are 
the first to appear, followed by the first pri¬ 
mary molarand canine teeth, and finally the 
second primary molar tooth. Deciduous 
teeth erupt after the crown has been 
completely formed, at which point the root 
formation is still incomplète, and the root 
canal is wide. Before éruption, the gingiva 
around the site of the emerging tooth be- 
comes swollen and discolored. The white 
apex of the tooth appears beneath the gin¬ 
gival epithelium which it soon perforâtes. 
Following éruption, the tooth root grows 
considerably, and the différentiation of the 
tissue of the periodontal ligament starts. 
The enamel cuticle covering the crown of 
the erupted tooth is gradually resorbed. 


The crowns of the permanent teeth (B) lie 
below the primary teeth. In the maxilla they 
are mostly situated at the future site of 
development of the maxillary sinus. The 
premolar teeth lie between the roots of the 
primary molar teeth. Distal to the primary 
molars are the tooth germs of the three true 
molar teeth. Although they erupt later, they 
are considered part of the primary denti¬ 
tion, and are thus also called "accessional 
teeth" (B4). The remaining deciduous teeth, 
i.e., the incisor teeth, canine teeth, and pri¬ 
mary molar teeth, are replaced by per¬ 
manent teeth. 

Order and Age at Eruption of Primary and Per¬ 
manent Teeth 


Teeth 

Month 

Year 


(primary 

(permanent 


dentition) 

dentition) 

Incisor tooth 1 

6-8 

7-8 

Incisor tooth 2 

8-12 

8-9 

Canine tooth 

16-20 

11-13 

Premolar tooth 

12-16 

9-11 

Premolar tooth 

20-24 

11-13 

Molar tooth 1 


6-7 

Molar tooth 2 


12-14 

Molar tooth 3 


17-40 


Clinical note. The primary teeth serve as place- 
holders for the permanent teeth. In the event of 
damage, they should be retained as long as 
possible in order to ensure proper positioning 
of the permanent teeth. 
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A Deciduous dentition 
of maxilla and mandible 


B Deciduous teeth, permanent teeth, 
facial skeleton (4-5 years of âge) 
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Development of the Teeth 

The developmental processes of the decidu- 
ous and permanent teeth are identical, but 
occur in two sépara te stages. 

Development of the tooth germ (A). 
During the second month of embryonic 
development, a curved band of epithelium, 
the dental lamina (A2), forms in the deeper 
connective tissues (A3) at the sites of the fu¬ 
ture maxilla and mandible. The dental 
lamina produces 10 épithélial dental organs 
that initially assume a bud or bell shape and 
eventually form the 10 deciduous teeth. The 
bell-shaped dental organ has a bilayered wall, 
consisting of an external layer of oufer 
enamel epithelium (A4) and an internai layer 
of inner enamel epithelium (A5, B8) which 
forms the basic shape of the future crown. 
The bell surrounds a condensation of 
mesenchymal connective tissue that forms 
the dental papilla and is a precursor of the 
dental pulp (AB6). The dental organ and den¬ 
tal pulp are enclosed in the dental sac con¬ 
sisting of very cell-rich connective tissue. In 
the fourth month of prénatal development, 
the fîrst hard tissues arise. Enamel is formed 
by the inner enamel epithelium, and dentin 
and cernent by the odontoblasts in the dental 
pulp. The connection between the dental 
lamina and the tooth germ is lost during the 
fourth month of fêtai life, and the dental 
lamina later gradually disintegrates. Lingual 
to the tooth germs of the deciduous teeth, 
the successional tooth germs of the per¬ 
manent teeth develop from portions of the 
dental lamina. 

Microscopie Anatomy of the Tooth Germ (B) 

Enamel formation. The dental organ can be 
divided into the outer enamel epithelium, which 
forms the boundary with the dental sac; the 
enamel pulp (B7); and the inner enamel epithelium 
(B8). The cells of the inner enamel epithelium un- 
dergo différentiation into enamel-producing 
ameloblasts (enameloblasts) which fîrst secrete or- 
ganic enamel matrix (B9) and later calcium and 
phosphate. Enamel begins to form soon after den¬ 
tin, starting at the crown of the tooth near the fu¬ 
ture occlusal surface. In the process of later 
development, the dental organ is reduced to only 
a small numberof cells (see below). 


Dentin formation. Formation of dentin begins 
near the site of the future crown of the tooth. 
Dentin is produced by odontoblasts (B10) which 
arise from différentiation of the mesenchymal 
cells of the dental pulp (B6). The matrix components 
of dentin are secreted at the apical pôle of the 
odontoblasts. Together with collagen fibrils ex- 
tending from the odontoblasts. the matrix forms 
predentin (Bll), uncalcifïed dentin which mineraî- 
izes to become dentin (B12). As the predentin 
zone thickens. the odontoblasts extend elongated, 
radicular processes which are walled in by pre¬ 
dentin. These give rise to the radially arranged 
dentinal tubules containing the odontoblast 
processes known as Tomes fibers (B13). Odonto¬ 
blasts can continue to form uncalcifïed predentin 
throughout life. 

Root formation and tooth éruption (C). Once 
the crown has formed. the roots of the tooth 
begin to develop. The margin of the inner enamel 
epithelium starts to grow toward the outer 
enamel epithelium (04) and begins forming 
sheaths for the corresponding nurnber of roots. 
New odontoblasts accumulate on the inner 
aspects of the root sheaths. prolonging the den- 
tine. Before éruption, the dental organ dégénér¬ 
âtes, and the remai ni ng cells are later involved in 
formation of the junctional epithelium (05). 
Elongation of the tooth root causes éruption 
which destroys some of the tissue located above 
the crown (oral cavity epithelium and enamel 
epithelium). 

Supporting tissues of the tooth. The cernent, 
periodontal ligament, and alveolar bone arise from 
the dental sac, and their development coincides 
with that of the tooth root: that is, they develop 
later than the structures forming the crown. The 
development of the tooth root and supporting tis¬ 
sues (periodontium) is not completed until the 
éruption is complété. 

The formation of cernent is similar to the process 
of intramembranous ossification (Vol. 1 . p. 16). Ce¬ 
rnent is formed by cementoblasts, cells arising 
from the side of the dental sac facing the tooth 
germ. The alveolar bone arises from the outer layer 
of the dental sac and also undergoes intramem¬ 
branous ossification. The fibers of the periodontal 
ligament develop from the middle portion of the 
dental sac. 
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Position of the Teeth in the Dental 
Arcades 

In normal occlusion, or eugnathia, the 
crowns of the maxillary incisors are angled 
slightly toward the oral vestibule and the 
crowns of the mandibular teeth toward the 
tongue (A). This enables the incisai edges of 
the upper and lower incisor teeth to move 
past each other like the blades of a pair of 
scissors. When the jaws are closed, the in¬ 
cisai edges of the upper incisor teeth lie 
anterior to those of the lower incisors in 
neutral occlusion (scissors bite). 

The outer chewing surfaces of the upper 
premolar and molar teeth overlap those of 
the lower teeth while the inner chewing 
surfaces of the lower teeth extend beyond 
those of the upper teeth (B). Interdigitation 
of opposing mandibular and maxillary teeth 
allows each tooth to articulate with two op¬ 
posing teeth: the main antagonist. the tooth 
with which it is has the most contact, and 
the secondary antagonist (C). The lower First 
incisor tooth and the upper third molar 
tooth hâve only one antagonist each. 

Articulation refers to movement of the max¬ 
illary teeth and mandibular teeth against 
each other. In the rest position, or terminal 
occlusion, the teeth meet in the ocdusal plane. 
A tooth that is lacking an antagonist can 
grow beyond the occlusal plane. Over a life- 
time the teeth are worn down by physio- 
logical processes that assist in maintaining 
terminal dosure. 

Neurovascular Supply and Lymphatlc 
Drainage 

Arterial supply. The teeth of the maxilla 
and mandible are supplied directly and in- 
directly by branches of the maxillary artery. 
In the posterior part of the maxilla the teeth 
and gingiva are supplied by the posteriorsu- 
perior alveolarartery (Cl), and in the anterior 
portion by the anterior superior alveolar arter- 
ies (C2) which spring from the infraorbita! 
artery. Both maxillary arteries course in the 
wall of the maxillary sinus and are intercon- 
nected, giving off the dental and peridental 
branches. The mandible is supplied by the 


inferior alveolar artery (C3) which travels in 
the mandibular canal where it distributes 
dental branches (C4) to the teeth and per¬ 
idental branches to the gingiva and perio- 
dontal ligaments. The terminal branch of 
the inferior alveolar artery emerges from 
the mental foramen as the mental branch to 
supply the skin of the chin and lower lip. 

Veins. Venous blood from the maxilla and 
mandible is drained by small veins that par- 
allel the course of the arteries, and mostly 
flows to the pterygoid plexus. 

Innervation. Nerve supply is provided by 
the second and third divisions of the 
trigeminal nerve (V), namely the maxillary 
nerve (V2) and the mandibular nerve (V3). The 
infraorbital nerve (division of V2) gives rise to 
several posferïor superior alveolar branches, 
a middle superior alveolar branch and a few 
anterior superior alveolar branches which 
unité on the floor of the maxillary sinus to 
form the superior dental plexus (C5) and 
supply the teeth and gingiva of the maxilla. 
The teeth of the mandible are supplied by 
the inferior alveolar nerve (C6) (branch ofV3) 
which accompanies the inferior alveolar 
vessels in the alveolar canal. An inferior 
alveolar nerve block can anesthetize the 
nerve at its entrance to the alveolar canal. 

Lymph from the maxilla and mandible 
drains to the submental, submandibular. 
and deep cervical lymph nodes. 

Clinical note. The dose proximity of the maxil¬ 
lary sinus, nerves. and tooth roots near the 
upper molar teeth is extremely important in 
clinical practice and should be taken into con¬ 
sidération in any inflammation affecting this 
area. 
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Pharynx 

Organization and General Structure 

The pharynx is a 12-15 cm long muscular 
tube that extends from its attachment at the 
base ofthe cranium to the level of the cricoid 
cartilage (Al ) where it becomes continuous 
with the esophagus (A2). Its posterior and 
latéral walls form a continuous surface 
without any openings. Anteriorly, it com- 
municates with the nasa/ cavity, oral cavity, 
and larynx and can thus be divided into the 
following three portions: 
the nasopharynx (I) (epipharynx), which 
communicates with the nasal cavity 
through the choanae; 

the oropharynx (11) (mesopharynx), which 
is continuous at the isthmus offauces with 
the oral cavity. The passageways for air and 
food intersect near the oropharynx; 
the laryngopharynx (111) (hypopharynx), 
which opens into the larynx at the laryngeal 
inlet. 

Structure ofthe Laryngeal Wall 

The wall of the larynx is composed of three 
layers: the mucosa, the muscular layer, and 
the connective tissue adventitia. 

Mucosa. The mucosa lining the na¬ 
sopharynx is continuous with the ciliated 
respiratory epithelium of the nasal cavity. That 
which lines the oropharynx and laryn¬ 
gopharynx is continuous with the mucosa 
of the oral cavity and consists of stratified, 
nonkeratinized squamous epithelium whose 
surface is lubricated by the saliva secreted 
by numerous mucous-producing pharyn- 
geal glands. The subepithelial connective tissue 
contains abundant elastic fibers, allowing 
the pharyngeal wall to stretch and recoil. At 
the junction with the esophagus, the mu¬ 
cosa is cushioned against the laryngeal 
skeleton in front and the vertébral column 
behind by connective tissue and ri ch venous 
plexuses. 

Mucosal landmarks. The mucosal structure 
of the nasopharynx is discussed in the section 
on the posterior nasal apertures (see p. 106). 
The surface architecture of the mucosa is 
chiefly produced by the opening of the audi - 
tory tube (A3), the torus tubarius (A4), and 
torus levatorius (A5). The oropharynx is 


bounded by the base ofthe tongue (AB5) anc 
laterally by the palatine arches and tonsillai 
fossa (A6), i.e., the structures of the isthme 
of fauces (see p. 144). Lying in the iaryn 
gopharynx, latéral to the laryngeal inlel 
where the larynx projects up into the 
pharynx, is a trench called the piriforrr 
recess (B7). 

Muscular layer. The muscular coat of the 
pharynx is composed of the transversely 
striated fibers of the muscles that act te 
constrict and elevate it. The three constrictor 
muscles of the pharynx consist of posteriorly 
ascending fibers that overlap like shingles 
and join in the midline to form a tough con¬ 
nective tissue raphe known as the pharyn¬ 
geal raphe (C8), which attaches to the 
phatyngeal tubercle (C9) on the base of the 
cranium. The horizontal fibers of the upper 
border of the superior constrictor muscle 
are attached to the base of the cranium by a 
tough connective tissue membrane known 
as the pharyngobasilar fascia (CIO). Most of 
the fibers of the superior constrictor muscle of 
pharynx (Cil) originate from the pterygoid 
process and pterygomandibular raphe (a ten- 
dinous band extending between the ptery¬ 
goid hamulus and mandible). The fibers of 
the middle constrictor muscle of pharynx (Cl 2) 
mainly originate from the hyoid bone (03) 
and those of the inferior constrictor muscle of 
pharynx (C14) from the thyroid and cricoid 
cartilages. The constrictor muscles of the 
pharynx act to narrow the pharynx and ele¬ 
vate the larynx and hyoid bone. The muscles 
that elevate the pharynx are poorly developed 
muscles that include the stylopharyngeal 
muscle (05), palatopharyngeal muscle 
(06), and salpingopharyngeal muscle. 

Peripharyngeal space. The peripharyngeal 
space is a peripheral layer of connective 
tissue that allows for free movement of the 
pharynx against the vertébral column and 
other adjacent structures. It can be divided 
topographically into a retropharyngeal space, 
which lies between the posterior pharyn¬ 
geal wall and the prevertebral layer of cervi¬ 
cal fascia, and a parapharyngeal space latéral 
to the pharynx. The two connective tissue 
spaces communicate at their caudal ends 
with the mediastinum. Covering the muscu¬ 
lar layer of the entire pharynx is a thin fascia 
known as the buccopharyngeal fascia. 
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A Pharynx, 
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Neurovascular Supply and Lymphatic 
Drainage 

The arterial supply of the pharynx is mainly 
dérivéd from the ascending pharyngeal 
artery, which arises from the external caro- 
tid artery, and from pharyngeal branches 
arising from the inferior and superior thy- 
roid arteries. Venous blood drains to the 
pharyngeal plexus lying posterior to the 
pharynx. The muscles and mucosa of the 
pharynx receive innervation from branches 
of the glossopharyngeal nerve (IX) and vagus 
nerve (X) which form a nerve plexus known 
as the pharyngeal plexus of vagus nerve. The ré¬ 
gional lymph nodes draining the pharynx are 
the retropharyngeal lymph nodes which in 
turn drain to the deep cervical lymph nodes. 

The Act of Swallowing 

ln the adult, the laryngeal inlet is located in 
the food passageway (A). In order to prevent 
ingested food from entering the larynx or 
airways during swallowing (déglutition) 
(B), the larynx must close briefly and be 
sealed shutThis process can be divided into 
the following phases: 

1. Voluntary initiation. During the volun- 
tary phase of swallowing, the fioor of the 
mouth (AB1) contracts and the tongue 
(AB2) presses the food bolus against the soft 
palate (AB3). Subséquent events are in- 
itiated by stimulation of sensory receptors 
located in the mucosa of the palate. 

2. Reflexive sealing of the airways. The soft 
palate is elevated, tensed. and pressed 
against the posterior wall of the pharynx. 
The superior constrictor muscle of the 
pharynx contracts, forming a prominence 
called the Passavants ridge (B4). The soft 
palate and upper portion of the posterior 
pharyngeal wall are pressed together, seal¬ 
ing the upper airways from the food pas- 
sageways. Contraction of the muscles of the 
fioor of the mouth (the mylohyoid and diga- 
stric muscles), assisted by the thyrohyoid 
muscles (AB5) (see Vol. 1, p. 326), visibly 
and palpably elevates the hyoid bone (AB6) 
and larynx (AB7). The laryngeal inlet ap- 
proaches the epiglottis (AB8) which in turn 


is lowered by the muscles of the base of the 
tongue (AB9) and the aryepiglottic muscles. 
At the same time, the rima glottidis closes, 
and respiration is briefly interrupted: the 
lower airways are now also sealed from the 
food passageway. 

3. Transport of the food bolus through the 
pharynx and esophagus. When the larynx 
is elevated. the pharynx expands anteriorly 
and superiorly. The tongue is drawn posteri- 
orly by the styloglossus and hyoglossus, 
propelling the food bolus through the isth- 
mus of the fauces into the enlarged 
pharynx. Most of the food travels through 
the piriform recess. and part slides over the 
epiglottis. Contraction of the constrictor 
muscles propels the food bolus through the 
wide-open esophagus into the entrance of 
the stomach. 

Fluids reach the pharynx via a flattened por¬ 
tion of the tongue that forms a type of chan- 
nel. In upright posture, rapid contraction of 
the fioor of the mouth propels liquid into 
the cardial orifice, with the tongue acting 
like the plunger ofa syringe. 

The swallowing reflex is maintained during 
sleep. The swallowing center is located in the 
medulla oblongata (see Vol. 3, p. 142) above the 
respiratory center. Efferent and afferent fibers in¬ 
vol ved in the swallowing reflex are carried by a 
number ofcranial nerves, ensuring that the swal¬ 
lowing reflex is maintained. 

In newboms and infants the high position of the 
larynx and the projection of the epiglottis beyond 
the base of the tongue allow liquids to pass 
through the piriform recess into the esophagus 
without endangering the airway. Infants thus can 
drink and breathe simultaneously. 
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Topographical Anatomy I 

Sectional Anatomy of the Head and 
Neck 

The sectional anatomy of the head and neck 
is complicated by the presence of numerous 
structures within a limited space. In the fol- 
lowing sections through the head and neck 
régions, structures are discussed purely in 
terms of topography rather than their rela¬ 
tion to organ Systems. 

Figure A shows a frontal section through the 
base of the cranium (B) at the posterior 
border of the foramen ovale and the ante- 
rior margin of the articular surfaces of the 
temporomandibular joint. 

Neurocranium 

In the upper portion of the section, the tem¬ 
poral bone (Al) is visible on either side in 
the région of the middle cranial fossa which 
supports the temporal lobes of the brain (A2). 
In the center of the image is the body of the 
sphenoid and the posterior end of the sphe- 
noidal sinus (A3). The body of the sphenoid 
contains a dépréssion that receives the 
pituitary gland (A4). On either side of the 
dépréssion the portion of the internai 
carotid artery traveling in the carotid canal 
(see Vol. 3, p. 104) can be seen. 

Viscerocranlum 

In the région around the viscerocranium, 
the section cuts through the rami of 
mandible (A5) on either side as well as the 
anterior end of the head of mandible (A6) 
and the temporomandibular joint capsule 
(A7). The latéral aspect of the ramus of the 
mandible is covered by the parotid gland 
(A8). Between the mandible and the parotid 
gland, the section cuts through the extemal 
carotid artery (A9) and retromandibular vein 
(A10). The médial (Ail) and latéralpterygoid 
muscles (A12). muscles of mastication, in- 
sert on the médial side of the ramus of the 
mandible. The section cuts through several 
of the veins forming the pterygoid plexus 
(A13) which lies in the niche between the 
two muscles. On the left-hand side of the 


image the mandibular nerve (A14) is visual- 
ized as it emerges from the foramen ovale 
médial to the latéral pterygoid and gives rise 
to the masseterïc nerve (A15), a motor nerve 
that travels laterally. The lumen of the na- 
sopharynx (A16) is in the center of the image 
with the latéral walls of the opening of the 
auditory tube (A17) on either side of it. The 
opening of the auditory tube is surrounded 
above by the cartilaginous part of the audi¬ 
tory tube (A18) and below by the levator veli 
palatini (A19). Below the lumen of the 
pharynx, Fibers from the levator veli palatini 
and rensor veli palatini (A20) can be iden- 
tified as they radiate into either side of the 
soft palate (A21). Beneath this the insertion 
of the styloglossus (A22) into the tongue is 
visible, lntrinsic muscles of the tongue that 
can be seen in this section include the trans¬ 
verse (A23) and vertical muscles of tongue 
(A24). Lying below the tongue, is the hyoid 
bone (A25). lts latéral surface affords attach- 
ment to the mylohyoid (A26), and its caudal 
surface to the infrahyoid muscles (A27). 
latéral to the mylohyoid, the section cuts 
through the submandibulargland (A28) and 
the facial artery (A29) lying latéral to it. The 
platysma (A30), one of the muscles of facial 
expression, can be identified within the 
subcutaneous tissue. Structures around the 
palatopharyngeal arch and tonsillar fossa 
cannot be differentiated in this section. 
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Sectional Anatomy of the Head and 
Neck f cont. 

Transverse Section at the Level of the 
Atlas (A) 

The section is through the posterior part of 
the atlantoaxial joint (Al). The structures 
visible in this section are discussed from 
posterior to anterior. 

This section cuts through the fo ram en trans- 
versarium of the atlas (A2) and the vertébral 
artery (A3) emerging from it. Situated in 
front of the vertébral column are the deep 
muscles of the neck (A4) with the neu- 
rovascular bundle of the neck, consisting of 
the internai jugular vein (A5), internai 
carotid artery (A6), and vagus nerve (A7), 
lying latéral to them. The lumen of the 
pharynx (A8) can be seen anterior to the 
deep neck muscles. The section is at the 
level of the oropharynx, the posterior wall of 
which is formed by the middle constrictor 
muscle of pharynx (A9). lts latéral wall con¬ 
tai ns the tonsillar fossa, palatopharyngeus 
(A10), palatine tonsil (Ail), and palatoglos- 
sus (A12). Postérolatéral to the tonsillar 
fossa, the transverse section cuts through 
the styloid process (A13) as well as the exter- 
nal carotid artery (A14) and retromandibular 
vein (A15) running latéral to it. In this sec¬ 
tion both vessels are visible adjacent to the 
parotid gland (A16). lnside the gland, the 
large lumen of the parotid duct (A17) can be 
seen. The parotid gland surrounds the pos¬ 
terior border of the ramus of mandible (A18) 
like a forceps, extending deeply from its su- 
perficial location in the subcutaneous tissue 
to the retromandibular fossa. Within the 
ramus of the mandible, the section shows 
the mandibular canal with the mandibular 
nerve (A19) and inferior alveolar artery 
(A20) running through it. The médial and 
latéral aspects of the ramus of the mandible 
are surrounded by the muscular sling 
formed by the médial pterygoid (A21) and 
masseter ( A22) muscles. Anterior to the mé¬ 
dial pterygoid, the section depicts the lin¬ 
gual nerve (A23) and adjacent s ubmandibu- 
lar gang/ion. Along the anterior border of 
the masseter, the facial vein (A24) and facial 
artery (A25) are visualized. The section cuts 
through the body of mandible at the level of 


the inferior border of the alveolar process 
which still contains the roots of the canine 
teeth (A26) and is covered on its outer 
aspect by the muscles of facial expression 
(A27). Along the inner side of the mandible, 
the narrow cavity of the oral vestibule (A28) 
can be observed. The level of the section, 
just above the floor of the mouth, enables 
Visualization of the sublingual gland (A29), 
sublingual caruncle, and the opening of the 
s ubmandibular duct (A30). Posterior to it, a 
portion of the tortuous course of the thick 
sub/ingua/ vein (A31 ) is visible. The intrinsic 
muscles of the tongue that are visible in this 
section are the geniog/ossus (A32) and, es- 
pecially, the transverse muscle of tongue 
(A33) and inferior longitudinal muscle. 

Transverse Section through the Neck at 
C5(B) 

This section cuts through the posterior por¬ 
tion of the neck at the level of the bilateral 
intervertébral foramina (B34) from which 
the spinal nerves (B35) emerge. Nearby, the 
vertébral artery (B3) and vertébral vein 
(B36) course anterior to the cervical verte- 
brae, passing outside of the foramina trans- 
versaria between consecutive vertebrae. 
The deep muscles of the neck (B4) are again 
depicted in front of the vertébral column, as 
in the previous section. Latéral to the deep 
neck muscles are the muscles of the scalene 
group (B37), and, lying on their anterior 
aspect the neurovascular bundle of the neck 
containing the common carotid artery (B38), 
internai jugular vein (B5), and vagus nerve 
(B7). Accompanying the neurovascular 
bundle, which runs under cover of the ster- 
nocleidomastoid (B39), are the deep cervical 
lymph nodes (B40). The anteromedially sit¬ 
uated viscera of the neck are covered on 
their anterior surfaces by the infrahyoid 
muscles (B41). The viscera consist of the 
laryngopharynx (B42), the lumen of which is 
reduced to a narrow space, and the larynx, 
seen below the level of the rima glottidis. 
The thyroid cartilage (B43), arytenoid car¬ 
tilages (B44), and parts of the intrinsic 
laryngeal muscles (B45) are also visible. The 
external aspect of the latéral wall of the 
larynx is covered on either side by the upper 
pôles of the thyroid gland ( B46). 




Cross-Sectionai Anatomy of Head and Neck 



17 15 2.3 11 10 9 1 4 7 2.3 

A Transverse section through head at level of tonsillar fossa 



46 45 42 41 43 46 


35 34 3 36 

B Transverse section through neck at level of rima glottidis 
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Esophagus 

General Organization and 
Microscopie Anatomy 

The esophagus is a pliable muscular tube 
that transports the food bolus from the 
pharynx (AB1) to the stomach (A2). It is 
about 25 cm long, beginning at the inferior 
border ofthe cricoid cartilage (A3) in front of 
C6/C7 and opening at the level of T10/T11 
into the cardial orifice (A4). The esophagus 
may be divided into three parts based on the 
respective régions of the body through 
which it passes: 

Cervical part (A5). The posterior wall ofthe 
short cervical part of the esophagus rests 
against the vertébral column, and the ante- 
rior wall against the trachea (B8). 

Thoracic part (A6). During its course, the 
16cm long thoracic part of the esophagus 
gradually moves away from the vertébral 
column. It runs parallel to the trachea in 
front of it as far as the trachéal bifurcation 
(B9) at the level of the T4. At this point, the 
aortic arch (B10) crosses over it. The 
thoracic aorta initially passes along the left 
side of the esophagus, but as it continues 
distalward it courses further behind it. The 
left atrium of the heart rests directly against 
the thoracic part of the esophagus (see p. 
179). 

Abdominal part (A7). The abdominal part 
of the esophagus is very short, only 1-3 cm. 
It extends from the esophageat hiatus ofthe 
diaphragm (B11), to which it is connected 
by loose connective tissue that allows 
movement to the stomach. 

Esophageal constrictions. The esophagus 
has three constrictions: the first or upper con- 
striction (I), the pharyngoesophageal constric- 
tion, is located behind the cricoid cartilage 
(AB3) and is produced by the circular fibers 
of esophageal muscle. This is the narrowest 
of the three constrictions, and its lumen is 
just a horizontal sût with a maximum 
diameter of about 14 mm when open. The 
second or middle constriction (II), the broncho- 
aortic constriction, is located near the Crossing 
ofthe aortic arch over the esophagus, about 
10cm distal from the first constriction. The 
third or lower constriction, (111), the diaphrag- 
matic constriction, is at the esophageal hiatus 


of the diaphragm. This narrowing is pro¬ 
duced by the spiral arrangement of muscle 
fibers in the wall of the esophagus and 
venous plexuses beneath the mucosa, both 
of which serve to seal the cardial orifice. 

Layers of esophageal wall and microanatomy 

(C). The structure of the esophageal wall shares 
the basic structure found in the rest of the ali¬ 
mentary canal (see p. 142). Its mucosa (C12) is lined 
by stratified, nonkeratinized squamous epithelium 
(C12 a). Beneath the connective tissue (/ami'na 
propria ) (02 b), it contains a prominent muscu- 
laris mucosae (02 c). The stratified, nonkerat¬ 
inized squamous epithelium of the esophagus 
ends abruptly at the junction with the cardial ori¬ 
fice and is replaced by the columnar epithelium of 
the gastric mucosa. The submucosa (03) consists 
of a layer of loose connective tissue containing 
vessels, i.e., venous plexuses and nerves, as well as 
scattered mixed glands known as the esophageal 
glands (03 a). The muscular layer (04) is com- 
posed of an inner loyer of circular muscle (04 a), 
which helps propel the bolus toward the stomach 
by means of wavelike muscular contractions, and 
an outer /ongjfudina/ layer (04 b), which is re¬ 
sponsable for longitudinal tension and for short- 
ening segments of the esophagus. In the upper 
two-thirds of the esophagus. the muscular layer 
contains striated muscle fibers from the pharyn- 
geal muscles: in the lower one-third. it is com- 
posed entirely of smooth muscle. The esophagus 
is connected to its surroundings by the adventitia 
(C15). 

Functional anatomy. The esophagus is stabilized 
within its surroundings by longitudinal tension 
which also helps to transport the bolus during 
swallowing. The upper constriction of the esoph¬ 
agus opens briefly to allow solids or liquids to 
pass to the stomach. Solids are conveyed within 
about 3 seconds by peristaltic waves to the stom¬ 
ach, and liquids are propelled into the cardial ori¬ 
fice within a few tenths of a second. The total dis¬ 
tance from the incisor teeth to the cardial orifice 
is about 40cm. 

Clinical note. The wall of the esophagus con¬ 
tains a thin area that represents a weak point 
( Laimer's triangle ) in the muscle between the 
inferior constrictor muscle of the pharynx and 
the circular layer of muscle. This weakness can 
give rise to diverticula, outpouchings in the 
esophagus wall. 

Weakening of the connective tissue of the 
esophageal hiatus of the diaphragm can resuit 
inahiatalhemiain which the abdominal part of 
the esophagus as well as parts of the stomach 
protrude into the thoracic cavity. 
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A Position ofesophagus 




C Microscopie structure of esophagus, cross-section 


B Esophagus, rightside 
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Topographical Anatomy of the 
Esophagus and the Posterior 
Mediastinum 

Cervical Part 

The cervical part of the esophagus (ABC1) 
lies behind the trachea (AC2) (see also To- 
pography of the Trachea and Larynx, p. 120) 
and slightly to the left of the midline. The 
cervical esophagus is thus in direct contact 
with the thyroid lobe (AC3) as well as the in- 
ferior thyroid artery (A4). The supplying 
branches of the inferior thyroid artery pass 
anteroposteriorly to the esophageal wall. 
The left récurrent laryngeal nerve (A5) 
travels alongside and then nearly anterior to 
the esophagus. Its posterior aspect is sepa- 
rated from the deep muscles of the neck by 
the prevertebral loyer of cervical fa scia. 

Thoracic Part 

The thoracic part of the esophagus lies hid- 
den in the posterior mediastinum (B). This is 
the longest part of the esophagus and it is in 
relation to the trachea (AC2) in front, the left 
subclavian artery (A6) on the left, and the 
brachiocephalic trunk (A7) on the right. The 
thoracic duct (A8) crosses behind it. Below 
the level of the trachéal bifurcation, the 
esophagus lies posterior to the pericardium. 
Also known as the retropericardial part, this 
segment is in relation to the descending 
aorta (B9) on the left and the azygos vein 
(B10) on the right. initially it lies adjacent to 
the vertébral column (see also C), but gradu- 
ally moves further away from it as it courses 
caudally; in some individuals the pariétal 
pleura (B11) can slide in between the 
esophagus and aorta from the right. Behind 
the esophagus the thoracic duct (B8) as- 
cends through the posterior mediastinum 
between the aorta and azygos vein. The 
greater part of the esophagus is located to 
the right of the midline; it does not lie on 
the left of center until it reaches the level of 
the aorric arch (B12). Lying along the poste¬ 
rior aspect of the esophagus are parts of the 
autonomie esophageal plexus and posterior 
vagal trunk (B13). Running alongeither side 
of the vertébral column are the thoracic 
sympathetic trunk (B14) and the greafer 


splanchnic nerve (B15). The close proximité 
of the esophagus (Al ), pericardium, and left 
atrium (06) can be clearly seen in a para- 
médian sagittal section (C) through the 
thorax. In clinical practice, the close prox- 
imity of these structures is useful for trans- 
esophageal echocardiography. 

07 Left atrium of heart, 08 Aortic arch, 09 Left 
pulmonary artery, C20 Brachiocephalic vein, C21 
sternum, C22 diaphragm 
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B Topographyof thoracic 
part of esophagus 


C Thorax, 

médian sagittal section 
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Neurovascular Supply and 
Lymphatîc Drainage 

Arteries. The cervical part of the esophagus 
is supplied by branches from the inferiorthy- 
roid artery; the thoracic part by the esoph- 
ageal branches arising from the aorta; and the 
abdominal part by the inferior phrenic and left 
gastric arteries. 

Veins. Blood from the esophagus ultimately 
drains to the superior vena cava (Al ) above 
and the hepatic portai vein (A2) below. Blood 
from the cervical part drains to the inferior 
thyroid vein (A3) and, via the brachiocephalic 
vein (A4), to the superior vena cava. Esoph- 
ageal veins from the thoracic part empty 
directly into the azygos vein (A5) and hemi- 
azygos vein (A6), which in turn drain into the 
superior vena cava. Blood from the abdomi¬ 
nal part flows into the left gastric vein (A7) 
which runs along the upper margin of the 
stomach and drains via the superior mesen- 
teric vein (A8) into the hepatic portai vein. 

The esophageal veins form rich venous plex- 
uses lying in the adventitia and submucosa. 
These can form anastomoses connecting the 
systemic and portai circulations. 

Clinlcal note. A pathological rise in portai 
venous pressure can resuit in a rétrogradé flow 
of blood in the veins which drain the inferior 
portion of the esophagus. Blood from régions 
normally drained by the hepatic portai vein in- 
stead flows through the esophageal veins to 
the azygos and hemiazygos veins. This leads to 
increased pressure in the esophageal venous 
plexuses and development of esophageal varices 
which can rupture and cause massive, life- 
threatening hemorrhage. 

Nerves. Parasympathetic innervation is pro- 
vided by the vagus nerve (B9). The cervical 
part of the esophagus and the upper portion 
of the thoracic part are innervated by 
branches of the récurrent laryngeal nerve. In 
the portion of thoracic part below the tra¬ 
chéal bifurcation, the right and left vagus 
nerves form a plexus in the adventitia called 
the esophageal plexus (see Vol. 3, p. 116). Aris¬ 
ing from this plexus is the anterior vagal 
trunk (B10), which lies in front of the 
esophagus, and the posterior vagal trunk, 


along its posterior wall, both of which travel 
with the esophagus into the abdominal cav- 
ity. Sympathetic innervation of the esophagus 
arises from the cervicothoracic ganglion, 
thoracic sympathetic trunk, and abdominal aor- 
tic plexus. The sympathetic and parasympa¬ 
thetic nerves are directly connected to the 
enteric nervous System of the esophagus, 
which, as elsewhere in the intestinal wall, 
consists of a myenteric plexus and sub- 
mucous plexus. 

Lymphatîc drainage. Lymph from the part 
of the esophagus located above the level of 
the trachéal bifurcation flows cranially and is 
mainly drained by the lower group of deep 
cervical lymph nodes and paratrachéal lymph 
nodes (Cil). Lymph from the parts of the 
esophagus lying below the trachéal bifurca f 
tion mostly drains to the tracheobronchial 
lymph nodes (Cl2) and prevertebral lymph 
nodes (C13). Lymph from the abdominal part 
of the esophageus drains to the adjacent 
perigastric and subphrenic lymph nodes. 
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C Lymphatic drainage of esophagus 


A Venous drainage of esophagus 


B Innervation 
of esophagus 
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Abdominal Cavity 

General OverView 

The organs described in the following sec¬ 
tion lie in the abdominal cavity, which will 
be discussed before the individual organs 
are presented. 

Boundaries (A). The superior boundary of 
the abdominal cavity is formed by the 
dômes of the diaphragm (Al ) which separate 
it from the thoracic cavity. lts posterior 
boundary is formed by the vertébral column 
(A2) and deep abdominal muscles (see Vol. 1, 
p. 94). The latéral and anterior boundaries are 
formed by the latéral and médial groups of 
the abdominal muscles and their aponeuro- 
ses (see Vol. 1, p. 84). The upper portion of 
the muscular wall of the abdominal cavity is 
reinforced by the costal margin and sternum 
(A3), and the lower and latéral parts by the 
bony alae of the ilium. The inferior boundary 
of the abdominal cavity is formed by the 
pelvic diaphragm (see Vol. 1, p. 106). 

Peritoneal cavity and connective tissue 
spaces (B). The abdominal cavity contains 
the peritoneal cavity (green), a space lined by 
peritoneum; the rétropéritonéal space (yel- 
low), an area bounded by connective tissue 
situated in front of the vertébral column; 
and the subperitoneal space located in the 
lesser pelvis beneath the peritoneum. The 
peritoneal cavity is completely surrounded 
by a lining of pariétal peritoneum (B4). The 
pariétal peritoneum covers the anterior 
aspect of the rétropéritonéal space, dividing 
it from the peritoneal cavity. Below the linea 
terminalis (see Vol. 1, p. 188) the pariétal 
peritoneum covers portions of the pelvic 
viscera including parts of the rectum (B5), 
utérus (B6), and urinary bladder (B7). lts ré¬ 
faction onto the anterior abdominal wall 
(B8) divides the subperitoneal space from 
the true peritoneal cavity. The rétropéri¬ 
tonéal space is continuous with the subperi¬ 
toneal space; both contribute to the ex¬ 
traperitoneal space. 

The abdominal cavity houses most of the or¬ 
gans of digestion. Their relations to the peri¬ 
toneum (C) vary; intraperitoneal organs lie in 
the peritoneal cavity and are lined by viscéral 


peritoneum (C9) (e.g., the stomach, CIO) 
while rétropéritonéal organs lie on the poste¬ 
rior wall of the peritoneal cavity, i.e., behind 
the pariétal peritoneum Organs that initially 
lie intraperitoneally during prénatal deve¬ 
lopment, but are later positioned on the 
posterior abdominal wall where they grow 
behind the pariétal peritoneum, are con- 
sidered secondary rétropéritonéal organs (e.g., 
the pancréas, Cil). An extra peritoneal organ 
is one that has no relation to the peri¬ 
toneum. 

In the peritoneal cavity, as in ail other serous 
cavities, the pariétal and viscéral layers are 
continuous at site of reflections or folds. The 
reflections basically consist of sheets of con¬ 
nective tissue that are lined on both sides by 
peritoneum and are thus called peritoneal 
folds. These double layers of peritoneum 
form mesenteries or peritoneal ligaments. A 
mesentery or ligament connects an intraperi¬ 
toneal organ to the abdominal wall and conveys 
vessels embedded in connective tissue to 
the respective organ. 

Intraperitoneal abdominal organs fying above the 
navel are attached by both anterior and posterior 
mesenteries to the anterior and posterior abdomi¬ 
nal walls. Below the navel, intraperitoneal parts of 
the intestine are suspended by just a posterior 
mesentery from the posterior abdominal wall (see 
Color Atlas of Embryology). 

Microanatomy of the peritoneum. The serosa of 

the peritoneum is composed of fiat, simple 
squamous épithélial cells with a brush border. 
Beneath this is the loose connective tissue known 
as the subserosa. Only the pariétal peritoneum re- 
ceives sensory innervation. 
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Topography of the Opened 
Abdominal Cavity 
Infracolic Part 

The opened abdominal cavity can be 
divided into two parts: a supracolic part (I) 
and an infracolic part (II). The horizontal 
boundary dividing the two is at the mesocolon 
of the transverse colon (Al ) at about the level 
of Ll. Attached to the anterior surface of the 
transverse colon is the greater omentum 
(A2) which hangs down like an apron cover- 
ing the intestinal loops, leaving visible only 
parts of the large intestine, i.e., the ascend- 
ing colon (A3) and descending colon (A4). 

Supracolic Part 

The supracolic part contains the liver (AB5). 
gallbladder (AB6), stomach (AB7), duodénum 
(B8), pancréas, and spleen ( AB9). 

Opened abdominal cavity (A)» ln the 
opened abdominal cavity, the inferior border 
of the right lobe of liver (A10) and the fundus 
of gallbladder (AB6) can be seen protruding 
below the right costal margin. The inferior 
border of the left lobe of liver extends into the 
area between the costal margins known as 
the epigastrium. The falciform ligament (Ail) 
passes between the right and left lobes of 
the liver to the anterior abdominal wall. Its 
free inferior margin is thickened to form the 
round ligament of liver (AB12) containing the 
obliterated umbilical vein (see p. 8). Depend- 
ing on the distention of the stomach, a part 
of the anterior surface of the stomach (AB7) 
may be visible below the left costal margin 
and between it and the right costal margin. 
Extending between the inferior border of 
the stomach, known as the greater curvature 
of stomach (B13), and the transverse colon 
(Al) is a peritoneal fold calied the gastrocolic 
ligament (AB14). 

Raised liver (B). The upper abdominal or- 
gans and the lesser omentum (B15) can be 
better visualized after lifting the liver. The 
quadrate lobe of liver (B16) and much of the 
viscéral surface of left lobe of liver are visible. 
Between the right and left lobes, the round 
ligament continues as the fissure for round 
ligament (B17). The parts of the gallbladder 


which rest in the fossa for gallbladder of tl 
liver, i.e., the fundus (B19), body (B20), ar 
neck of the gallbladder (B21 ) can be seen 
their entirety. Parts of the anterior wall < 
stomach, i.e., cardia (B22), fundus ofstomai 
(B23), body of stomach (B24), and the pylor 
part of stomach (B25) are visible. To the le 
of the stomach the superior border (B26) ( 
the spleen (B9) can be seen. The lesser omei 
tum (B15) extends in a near-frontal plan 
between the liver and stomach. Its free rigl 
margin is thickened to form the hep, 
toduodenal ligament (B27) which extends bt 
tween the liver and the intraperitoneall 
situated beginning part of the duodenur 
(B8). It contains the bile duct, hepatic porte 
vein, and hepatic artery proper. The adjacer 
part of the lesser omentum extending bt 
tween the liver and the upper border of th 
stomach, i.e., the lesser curvature of th 
stomach (B28), is the hepatogastric ligamen 
(B29). Shimmering through the middle par 
of the ligament is the caudate lobe (B30 
of the liver. Behind the lesser omentum i 
the omental bursa (to which the arrow i 
pointing), a saclike cavity forming a smalle 
part of the peritoneal cavity. The narrov 
entrance to the omental bursa is located be 
hind the free margin of the lesser omentum 
i.e., posterior to the hepatoduodenal liga 
ment, and is known as the omental foramei 
(formerly known as the epiploic foramei 
and still referred to in clinical practice as th* 
foramen ofWinslow ) (arrow). 
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A Opened abdominal cavity 
B Upper abdominal organs 
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Topography of the Opened 
Abdominal Cavity, cont. 

Infracollc Part 

The organs of the infracolic part of the abdo¬ 
men, which include the small and large in¬ 
testines, are located below the transverse 
colon, lying between its mesentery and the 
linea terminalis. In the opened abdomen, 
the lower abdominal organs are mostly 
covered by the greater omentum (see p. 185 
A). 

View in A. After reflecting the greater omen¬ 
tum (AB1) and the transverse colon (AB2), 
and moving the loops of the small intestine to 
the left side, almost all of the organs of the 
infracolic part are visible. The small in¬ 
testine consists of the duodénum (AB3), jé¬ 
junum (AB4), and ileum (AB5). Except for its 
initial part, the duodénum is a secondanly 
rétropéritonéal organ and can be seen shim- 
mering through the pariétal pleura. The in- 
traperitoneal jéjunum and ileum are at- 
tached to the posterior abdominal wall by a 
wide mesentery (AB6). The root of mesentery 
(A7) is 12-15cm long and passes obliquely 
from the upper left (at the level of L2) 
downward to the right iliac fossa. In the 
right iliac fossa the ileum becomes continu- 
ous with the initial part of the large in¬ 
testine known as the cecum (AB8) which is 
followed by the ascending colon (A9). Near 
the junction of the intraperitoneal ileum 
and the often secondanly rétropéritonéal 
cecum there are peritoneal folds and peri¬ 
toneal recesses . Above the ileocecal junction 
is the superior ileocecal recess (A10) produced 
by the vascular fold of cecum (All ) which con- 
tains vessels. Almost all of the typical charac- 
teristics of the colon are apparent on the 
cecum and ascending colon: the haustra of 
colon (A12), evenly spaced sacculations in 
the colon wall; one of the teniae coli (A13), a 
thickened part of the longitudinal muscle 
layer; and the omental appendices (A14), 
fatty appendages covered by peritoneum. At 
the right colic flexure (A15), the ascending 
colon becomes continuous with the in¬ 
traperitoneal tra ns verse colon (AB2) which is 
attached to the posterior abdominal wall by 
the transverse mesocolon (AB16). 


The remaining segments of the large in¬ 
testine are covered by the loops of the small 
intestine that hâve been moved to the left 
side. 

View in B. After moving the small intestine 
loops and their mesentery to the right side, 
the junction of the duodénum (AB3) and the 
jéjunum (AB4) as well as the descending 
part of the colon are easily visible. The 
secondanly rétropéritonéal part of the duo¬ 
dénum transitions at the duodenojejunal 
flexure (B17) into the jéjunum. Similar to the 
ileocecal junction, there are also peritoneal 
folds and recesses near the duodenojejunal 
flexure. The superior duodenal fold (B18) 
covers the superior duodenal fossa (B19); and 
the inferior duodenal fold (B20) covers the in- 
ferior duodenal fossa (B21). Since the sma^l 
intestine loops hâve been moved to the 
right, the blind-ending cecum (AB8) and its 
appendage, the vermiform appendix (B22), 
can be observed. This small intraperitoneal 
appendage is attached by the mesoappendix 
(B23) to the posterior abdominal wall. The 
transverse colon (AB2) and transverse meso¬ 
colon (AB16) are visible almost as far as the 
left colic flexure (B24), i.e.. to the junction 
with the descending colon (B25). The de¬ 
scending colon is secondarily rétropéri¬ 
tonéal; its anterior surface is covered with 
pariétal peritoneum. It is continuous in the 
left iliac fossa with the intraperitoneal sig- 
moid colon (B26). The sigmoid colon is at¬ 
tached to the posterior abdominal wall by 
the sigmoid mesocolon (B27), the root of 
which may contain a peritoneal recess 
called the intersigmoid recess (B28). 
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Relations of the Pariétal 
Peritoneum 

Posterior abdominal wall. After removal of 
the intraperitoneal organs (the liver, stom- 
ach, spleen, jéjunum, ileum, transverse 
colon, and sigmoid colon), the posterior 
wall of the peritoneal cavity, including the 
lines of attachment of the peritoneal folds 
and the attachment sites of the liver, as well 
as rétropéritonéal organs, can be seen (A). 
Near the bare area (AI) of the liver, which 
lacks a peritoneal covering, the organ is at- 
tached to the diaphragm. This area is sur- 
rounded by the reflection site of the viscéral 
peritoneum of the liver onto the pariétal 
peritoneum of the diaphragm known as the 
coronary ligament (A2). The coronary liga¬ 
ment continues laterally, with its pointed 
margins forming the right triangular liga¬ 
ment (A3) and left triangular ligament (A4). 
The part of the right coronary ligament that 
is attached to the right kidney bed (A5) is 
known as the hepatorenal ligament (A6). The 
anterior and superior surfaces of the fal- 
ciform ligament (A7) are in contact with the 
pariétal peritoneum of the diaphragm. Pos¬ 
terior to the liver the rétropéritonéal infe- 
rior vena cava (A8) and the aorta (A9) can be 
identifïed. On the left side of the aorta is the 
eut edge through the cardial orifice (A10). 
Passing from the cardial orifice to the dia¬ 
phragm is the gastrophrenic ligament (Ail) 
which continues as the gastrosplenic ligament 
(A12) between the greater curvature of the 
stomach and the spleen. Below the inferior 
pôle of the spleen, a peritoneal fold known 
as the phrenicocolic ligament (A13) extends 
between the diaphragm and the descending 
colon. The root of the transverse mesocolon 
(A14) is eut at the center of the posterior 
abdominal wall. Above it the pariétal peri¬ 
toneum covering the posterior wall of the 
omental bursa (see p. 222) can be seen be- 
hind the pancréas (A15). At the superior 
border of the duodénum (A16) the hepa- 
toduodenal ligament (A17) is eut. Lying be- 
hind it is the omental foramen (A18). In the 
infracolic part of the abdomen, the posterior 
abdominal wall is subdivided by the diago- 
nally running root of mesentery (A19) and the 
sigmoid mesocolon (A20). The sigmoid meso¬ 
colon continues downward into the lesser 
pelvis where the sigmoid colon joins the 


rectum (AB21). Lying at either side of the 
posterior abdominal wall are the ascending 
colon (A22) on the right and the descending 
colon (A23) on the left. 

Pelvis. The peritoneum of the posterior 
abdominal wall extends downward past the 
linea terminalis into the lesser pelvis (B) as 
the urogénital peritoneum. The peritoneum 
covers a part of the anterior surface of the 
rectum (AB21) and in the female pelvis re- 
flects onto the female internai genitalia ar- 
ranged in the frontal plane and consisting of 
the utérus (B24), uterine tubes (B24), and 
ovaries (B26). Between the utérus and rec¬ 
tum is a deep dépréssion known as the rec- 
touterine pouch (B27), the deepest point in 
the peritoneal cavity. Passing from either of 
the latéral walls of the utérus to the wall of 
the lesser pelvis is a peritoneal fold called 
the broad ligament of utérus (B28). The shal- 
lower vesicouterine pouch (B29) is formed by 
a reflection of the peritoneum from the pos¬ 
terior wall onto the posterior surface of the 
urinary bladder (B30). In men, the peri¬ 
toneum covers the rectum and urinary blad¬ 
der as well as the séminal vesicle lying be- 
hind the urinary bladder. Thus there is only 
a peritoneal pocket, the rectovesical pouch, 
between the rectum and urinary bladder. 

Anterior abdominal wall. The inner surface 
of the anterior abdominal wall is lined by 
the anterior pariétal peritoneum which has a 
characteristic surface architecture. Extend- 
ing in the midline of the abdominal wall to 
the navel is the médian umbilical fold (B31), a 
peritoneal fold that contai ns the obliterated 
urachus. Passing latéral to the médian 
umbilical fold on either side is the médial 
umbilical fold (B32) which contains the ob/if- 
erated umbilical artery. The area bounded by 
the three folds and the urinary bladder is 
the supravesical fossa (B33). Lying on the 
latéral part of the anterior abdominal wall is 
the latéral umbilical fold (B34) which con¬ 
tains the inferior epigastric vessels and flat- 
tens out as it passes cranially. Near its infe¬ 
rior end, between it and the médial umbili¬ 
cal fold, is a small dépréssion known as the 
médial inguinal fossa (B35) which corre¬ 
sponds to the superficial inguinal ring. 
Latéral to the latéral umbilical fold is the 
latéral inguinal fossa (B36), corresponding to 
the deep inguinal ring beneath it. 
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A Relations of pariétal peritoneum, 
posterior abdominal wall 


B Relations of pariétal peritoneum 
of anterior abdominal wall, 
flap reflected downward, 
lesser pelvis 
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Stomach 

The stomach is a broad, crescent-shaped in¬ 
traperitoneal hollow organ. lt lies in the 
upper part of the abdomen (A) below the 
left dôme of the diaphragm, partially hid- 
den behind the left costal margin. Depend- 
ing on its shape and amount of contents, it 
can extend a variable distance into the epi- 
gastric région. 

Gross Anatomy 

The abdominal part of the esophagus (Bl) 
opens via the cardial orifice (C2) into the fun- 
nel-shaped entrance to the stomach called 
the cardia (B3) which is continuous with the 
fundus of stomach (B4), the highest point of 
the stomach. The fundus is located below 
the left dôme of the diaphragm, and in an 
individual standing upright contains air 
(gasfric bubble ). The junction of the 
esophagus and fundus of the stomach forms 
a sharp angle called the cardial notch (B5). 
The body of stomach (B6) makes up the 
greater part of the stomach. lt is continuous 
with the pyloric part (BC7) which may be 
divided into the pyloric antrum (BC7 a) and 
pyloric canal (BC7 b). The pyloric part opens 
via the pyloric orifice (C8), which is sur- 
rounded by a ring of muscle known as the 
pylorus, into the duodénum (BC9). 

In terms of its external features, the stom¬ 
ach may be divided into anteriorand posterior 
surfaces. These are separated by the lesser 
curvature (B10) and greater curvature (Bll ) as 
well as peritoneal fold attachments. The 
lesser curvature of the stomach points up- 
ward and toward the right; its lowest point 
is the angular incisure (B12), a sharp bend 
that marks the beginning of the pyloric part 
and is often visible on radiographs. The 
greater curvature of the stomach points 
downward, and its convex border opposite 
the angular incisure is referred to as the 
angle of the stomach (B13). Arising from the 
lesser curvature of the stomach is the 
largest portion of the lesser omentum, the 
hepatogastric ligament. The greater omentum 
extends from the greater curvature, forming 
the gastrocolic ligament which extends 


between the stomach and transverse colon; 
the gastrophrenic ligament between the fun¬ 
dus of the stomach and diaphragm; and the 
gastrosplenic ligament between the greater 
curvature of the stomach and the spleen. 

Stomach wall and mucosa. The outer sur¬ 
face of the stomach wall is smooth and 
covered by viscéral peritoneum. On the inte- 
rior of the stomach the gastric mucosa is 
thrown into large gastric folds (C14) which 
are visible to the naked eye. The mucosa at 
the lesser curvature contains a few longi¬ 
tudinal ridges forming the gastric canal. In 
the rest of the mucosa the folds are irregu- 
larly shaped. 

Under a microscope, the raised areas and 
shallow indentations forming the micro- 
structure (D) of the gastric mucosa can be 
seen. The mucosa! structure is characterized 
by raised areas called gastric areas (D15) into 
which the evenly spaced gastric pits (D16) 
open. The wall of the stomach is only a few 
millimeters thick. As elsewhere in the in¬ 
testinal canal, its layers consist of a mucosa 
(D17), a submucosa (D18), a muscular layer 
(D19), a thin subserosa (D20), and a serosa 
(D20) 





Macroscopie Anatomy of Stomach 191 



A Position ofthe stomach 


B Parts of stomach, 
anterior aspect 


D Layersofgastricmucosa, 
microstructure 


C Structure of 
gastric mucosa 
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Microscopie Anatomy of the 
Stomach 

Given that the structure of the walls of the 
alimentary canal is largely the same every- 
where (see p. 142), only spécifie features of 
individual organs will be highlighted. 

Mucosa 

Throughout the stomach, the surface of the 
mucosa and gastric pits (AB1) is lined by a 
simple, columnar epithelium (AB2) which 
transitions abruptly at the cardial orifice 
from the esophageal epithelium. The sur¬ 
face epithelium of the stomach produces a 
highly viscous, neutral mucous which pro- 
tects the wall of the stomach from damage. 
The mucosal connective tissue ( lamina pro¬ 
pria) (A3) is occupied by tubular gastric glands 
(AB4) which extend to the muscular loyer 
(A5) and open into the gastric pits. 

The glands of the stomach may be divided 
by région, shape, cellular composition, and 
function. The glands in the body and fundus 
are known as the gastric glands proper; those 
in the cardia are referred to as the cardiac 
glands; and those in the pyloric part of the 
stomach are called the pyloric glands. 

Gastric glands proper. The gastric glands in 
the fundus and body of the stomach (A) are 
closely packed, long, straight glands. They 
are composed of various cell types that 
occur in different proportions in the differ¬ 
ent régions of the gland (B). The neck of the 
gland contains mainly mucous-producing 
mucous neck cells (AB6) which differ in 
several ways from surface épithélial cells. 
Frequent division of the neck cells serves to 
replenish the surface epithelium. The middle 
portion of the gland has abundant chief cells 
and pariétal cells. Chief cells (AB7) are 
cuboidal or columnar and are highly ba¬ 
sophilie. They produce pepsinogen, a precur- 
sor of the digestive enzyme pepsin that 
breaks down proteins. The pariétal cells 
(AB8) appear to rest on the tubules. They are 
large, highly acidophilic, and triangular in 
shape. The apex of the cell is in contact with 
the lumen of the gland, and its base projects 
beyond the borders of the adjacent cells. 


Pariétal cells produce hydrochloric acid for 
the gastric juice and intrinsic/acfor which is 
necessary for résorption of vitamin B )2 in 
the ileum. The base of the gastric glands con¬ 
tains chief cells and enteroendocrine cells (see 
p. 364). 

Cardiac glands. The cardia contains tubular 
gastric glands with numerous branches and 
cystic dilations. They are mainly composed 

of mucous-producing cells. 

Pyloric glands. In the pyloric part of the 
gastric mucosa (C) the gastric pits are gen- 
erally deeper than elsewhere in the mucosa. 
The branches of the glands extend deeply 
downward, forming coils. They are prédom¬ 
inant^ lined by columnar cells that secrete 
neutral mucous. The pyloric glands also con- 
tain gastrin-producing endocrine cells (G 
cells) (see p. 367). 

Muscular Layer (O) 

The muscular layer of the stomach consists 
of three layers. In addition to those typically 
found in the intestinal wall, i.e., the longi¬ 
tudinal layer (D9) and the circular layer 
(D10), the stomach has a third layer con- 
sisting of oblique fibers (D11). The fîbers of 
the outer longitudinal layer are especially 
thick. They pass along the greater curvature 
from the cardia to the pylorus and along the 
lesser curvature to the angular incisure. 
After the angular incisure, new longitudinal 
muscle fibers begin and extend beyond the 
pyloric part of the stomach to continue into 
the duodénum. The angular incisure thus 
marks the boundary between rwo function- 
ally distinct parts of the stomach : an upper 
digestive sac with digestive functions and a 
lower pyloric canal, with emptying func¬ 
tions. The longitudinal muscle layer acts to 
regulate longitudinal expansion of the 
stomach. The well-developed middle circu¬ 
lar layer is thickened around the pylorus to 
form the pyloric sphincter ( D12) which pro¬ 
jects into the interior of the stomach. The in- 
nermost layer of the muscular coat consists 
of oblique fibers which pass diagonally over 
the body of the stomach, without covering 
the lesser curvature, and are continuous 
with the circular layer. 
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Neurovascular Supply and 
Lymphatic Drainage 

Arteries. The arteries supplying the stom¬ 
ach usually arise from branches of the celiac 
trunk (Al) and join to form vascular plexuses 
along the lesser and greater curvatures. The 
vascular arch at the lesser eurvature is formed 
by the left gastric artery (A2) and right gas- 
tric artery (A3). The left gastric artery arises 
from the celiac trunk and initially ascends in 
a fold of peritoneum known as the gastro- 
pancreatic fold before curving toward the 
lesser curvature. There it distributes small 
branches to the esophagus and larger bran¬ 
ches to the stomach and anastomoses with 
the right gastric artery which usually arises 
from the hepatic artery proper (A4). During 
its course, the right gastric artery first lies su- 
perficially in the hepatoduodenal ligament 
of the lesser omentum and then proceeds in 
the hepatogastric ligament to the lesser cur¬ 
vature of the stomach. There it unités with 
the left gastric artery to form a vascular 
arch. The vascular arch at the greater curva¬ 
ture is formed by the gastroomental arteries. 
The left gastroomental artery (A5) passes as a 
branch of the sp/em'c artery (A6) through the 
gastrosplenic ligament to the greater curva¬ 
ture where it runs in the gastrocolic liga¬ 
ment and anastomoses with the right gast¬ 
roomental artery (A7) which originates from 
the gastroduodenal artery (A8). The fundic 
région of the stomach receives additional 
nourishment from the small short gastric ar¬ 
teries. branches of the splenic artery. 

Veins. The gastric veins run parallel to the ar¬ 
teries after which they are named. Blood 
either drains directly through the left gastric 
vein (A9) into the hepatic portai vein (AlO) 
or flows first to the splenic vein and superior 
mesenteric vein and then into the hepatic 
portai vein. 

Nerves. The sympathetic fibers innervating 
the stomach arise from the celiac nerve plexus 
(Ail) and accompany the arteries to the 
stomach wall. Stimulation of the sympa¬ 
thetic nervous System causes constriction of 
the blood vessels of the stomach and inhibits 
gastric motility. The parasympathetic fibers 
arise from branches of the vagus nerve which 


form the anterior vagal trunk on the anterior 
surface of the stomach and the posterior 
vagal trunk on the posterior surface. Stimu¬ 
lation of the parasympathetic System leads 
to increased circulation , increased sécrétion 
of gastric juice and hydrochloric acid, and an 
increase in stomach movements. 

Régional lymph nodes (B). Lymph drains 
from the subserous network of the lym¬ 
phatic vessels of the stomach in three direc¬ 
tions: lymph from the cardia and much of 
the anterior and posterior walls drains 
along the lesser curvature to reach the gas¬ 
tric nodes (B12), most of which lie along the 
left gastric artery; lymph from the fundic ré¬ 
gion of the stomach and the parts of the 
greater curvature adjacent to the spleen 
drains into the splenic nodes (B13); and the 
remainder of the lymph from the greater 
curvature drains to the gastroomental nodes 
(B14). Lymph collected by the above-named 
nodes ultimately drains to the celiac nodes 
(B15). Lymph from the pyloric région drains 
to the gastroomental nodes (B14) and usually 
to the pyloric nodes (B16) lying behind the 
pylorus. Most of the lymph is also conveyed 
to the celiac nodes, and a smaller amount 
flows to the superior mesenteric nodes (B17). 

Clinical note. Metastasis to rhe pyloric nodes 
can resuit in their fusion with the pancréas 
(B18) behind them, which can présent a con¬ 
sidérable intraoperative challenge. 

Gastric function. Once in the stomach the food 
boluses are stacked, chemically broken down. and 
transformed into chyme. The chyme is sur- 
rounded by the wall of the stomach without an 
increase in wall tension. These tonie contractions 
of the stomach wall around its contents are re- 
ferred to as peristole and occur only in that part of 
the stomach forming the digestive sac. The stom¬ 
ach contents are gradually propelled distalward 
toward the pyloric canal, the inferior région of the 
stomach for gastric emptying. Peristaltic waves, 
or muscular contractions, then propel the stom¬ 
ach contents toward the pylorus which empties 
the contents of the stomach in small portions into 
the duodénum. 
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A Vesselsand nervesof stomach 



B Lymph nodes and lymphatic drainage of stomach 
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Small Intestine 

Below the stomach, the alimentary canal is 
continuous with the small intestine. Its 
segments consist of the duodénum (Al), jé¬ 
junum (AC2), and ileum (AC3) which opens 
in the right iliac fossa into the large intestine 
(A4). The average length of the entire small 
intestine is about 5 m. 

Cross Anatomy 
Duodénum 

The horseshoe-shaped or C-shaped duodé¬ 
num projects toward the umbi/icus. Lying on 
the posterior abdominal wall, most of the 
duodénum lies on the right side of the 
vertébral column and encloses the head of 
the pancréas (B5). 

The duodénum can be divided into four seg¬ 
ments: the first part, or superior part (B6), 
begins at the pylorus (B7) at the level of Ll. 
It ascends slightly from anteroposteriorly 
and becomes continuous at the superior 
duodenal flexure (B8) with the descending 
part. Because of its dilated appearance on 
radiographs, the first part of the duodénum 
is referred to in clinical usage as the 
duodenal cap. The anatomie term is ampulla. 
The descending part (B9) descends on the 
right side of the vertébral column to the 
level of L3. It is continuous at the inferior 
duodenal flexure (B10) with the horizontal 
part (B11) which travels below the head of 
the pancréas over the vertébral column. 
After reaching the left side of the vertébral 
column it dimbs as the ascending part (B12) 
to the duodenojejunal flexure (B13), situated 
at the level of L2, where it passes into the jé¬ 
junum. 

The superior part of the duodénum is sit¬ 
uated intraperitoneally. Its attachment to 
the liver by the hepatoduodenal ligament 
(B14) allows for movement. The descending 
pan of the duodénum and ail consecutive 
segments are secondarily rétropéritonéal 
structures. The small intestine becomes in¬ 
traperitoneal again at the duodenojejunal 
flexure with nearby peritoneal folds and 
recesses. The superior duodenal fossa (B15) is 


framed by the superior duodenal fold (B16) 
and the inferior duodenal fossa (B17) by the 
inferior duodenal fold (B18). Bundles of 
smooth muscle fiber cells, forming the sus- 
pensory muscle of the duodénum (ligament of 
Treitz), connect the ascending part of the 
duodénum with the trunk of the superior 
mesenteric artery. 

Clinical note. Incarcération of small intestinal 
loops in peritoneal recesses are referred to as 
internai hernias (Treitz hemias). These can po- 
tentially lead to life-threatening intestinal 
necrosis. 


Jéjunum and Ileum 

The small intestine begins looping at the 
duodenojejunal flexure (B13). The jéjunum 
(AC2) forms up to 2 / s of its total length and 
the ileum (AC3) up to 5 /s. The loops of the 
small intestine lie in the infracolic part of 
the abdominal cavity, framed by the large 
intestine (AC4). In the right iliac fossa the 
ileum opens via the ileal orifice into the large 
intestine. In about 2% there is a blind pouch 
located 50-100cm from the valve that is 
known as the ileal diverticulum, or Meckel’s 
diverticulum, a remuant of the embryonic vi- 
telline duct. 

The jéjunum and ileum are situated m- 
traperitoneally and are suspended from the 
posterior abdominal wall by a mesentery 
(C19) which permits their movement. The 
root of the mesentery (B20) is 15-18 cm long 
and passes along the posterior abdominal 
wall in a line from the duodenojejunal 
flexure to the right iliac fossa. The attach¬ 
ment of the mesentery to the small intestine is 
about 4 m long and lies in numerous folds, 
forming a type of collar around the small in¬ 
testine. The walls of the jéjunum and ileum 
hâve a smooth outer surface and peritoneal 
lining, and cannot be distinguished from 
each other macroscopically. 

Clinical note. Inflammation of the Meckel’s 
diverticulum can be mistaken for appendicitis. 
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B Duodénum in situ 


A Small intestine: position 
and segments 


C Loops of small intestine, 
moved to the right side 
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Structure of the Small Intestinal 
Wall 

Mucosal Landmarks 

Duodénum. The mucosal lining of the 
duodénum contains densely packed, tall 
circular folds (Kerckring’s valves) (Al) that 
are visible to the naked eye. Consistmg of 
mucosa and submucosa, the circular folds 
enlarge the surface area of the mucosa by 
50%, The descending part of the duodénum 
contains the openings of the excretory pas¬ 
sages from the liver and pancréas, i.e., the 
bile duct (A2) and pancreatic duct (A3). 
These produce a longitudinal fold in the 
mucosa known as the longitudinal fold of 
duodénum (A4) and normally join to open on 
a mucosal projection, lying on top of the 
fold, called the major duodenal papilla (A5). 
Located cranial to the major duodenal 
papilla is the minor duodenal papilla where 
the accessory pancreatic duct usually opens. 

Jéjunum and ileum. The initial portion of 
the mucosal lining of the jéjunum (B) also 
has tall, densely arranged circular folds. 
Closer to the ileum (C) the folds become 
shorter and are spaced further apart, and in 
the second half of the ileum they are usually 
absent. Opposite the mesenterial attach- 
ment, the mucosa of the ileum bulges vis- 
ibly into the lumen due to underlying aggre- 
gated lymphoid nodules (C6) (Peyer’s patches) 
in the mucosa and submucosa. 

Microscopie Anatomy 

Mucosa. The microstructure of the mucosa 
of the small intestine corresponds to the 
general structure found in the intestine (see 
p. 142). In addition to circular folds, the sur¬ 
face of ail small-intestinal segments is also 
enlarged by villi and crypts. 

Intestinal villi (D-F7). Intestinal villi are leaflike 
or fmgerlike mucosal projections (epithelium and 
/amina propria ) that lend a velvety appearance to 
the mucosa of the small intestine. On their surface, 
the villi are covered by absorptive épithélial cells 
known as enterocytes (E9). The surface area of the 
enterocytes is vastly enlarged by a parallel ar¬ 
rangement of identically sized microvilli which 
form a brush border. Each villuscore is occupied by 
connective tissue (lamina propria) containing 


smooth muscle cells for individual villus motility 
as well as a Mood vessel (E10) and a lymph vessel. 

Intestinal glands (D-F8) (crypts of lieberkühn). 
The short, tubular intestinal glands, which open 
at the bases of the villi, extend to the muscularis 
mucosae. The epithelium of the glands has a 
secretory function and assists in épithélial cell ré¬ 
génération. It consists mainly of enterocytes; 
secretory goblet cells (Eli); Paneth cells with api¬ 
cal granules containing lysosomal enzymes, and 
peptidase; and hormone-producing enteroen- 
docrine cells (see p. 364). 

Submucosa. The connective tissue of the 
submucosa contains the submucosus nerve 
plexus and loose networks of blood and lym- 
phatic vessels. The submucosa of the 
duodénum (D) contains branching tubulo- 
alveolar duodenal glands (D12), also known 
as Brunner’s glands. Their mucous secre^ 
tions neutralize the substances in the 
chyme received from the stomach. 

Muscular layer. Throughout the small in¬ 
testine, the muscular layer consists of a 
well-developed inner circular layer and a less 
prominent outer longitudinal layer. The con¬ 
nective tissue between the two layers con¬ 
tains the (autonomie) myenteric nerve plexus. 

The inner circular and outer longitudinal layers of 
muscle act as antagonists: contraction of the longi¬ 
tudinal layer shortens and expands an intestinal 
segment while contraction of the circular layer 
elongates and narrows it. This produces pendular 
and r/iyt/tmt'c segmentation contractions that mix 
intestinal contents and perista/tic contractions or 
waves that transport them. 

Summary 

The duodénum (D) has tall circular folds; tall, 
leaflike villi; and shallow crypts. Its submu¬ 
cosa contains duodenal glands. 

The jéjunum (E) is characterized by tall and 
densely packed circular folds; tall, fmgerlike 
villi; and crypts that gradually become 
deeper. 

The ileum (F) contains shorter villi and the 
crypts become progressively deeper. Its 
submucosa contains aggregated lymphoid 
nodules that extend into the lamina propria. 
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A Mucosal relief structure, duodénum 


D Microanatomy, duodénum 
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Neurovascular Supply and 
Lymphatic Drainage 
Duodénum 

Arteries. The vessels supplying the duo¬ 
dénum largely correspond to those that 
supply the head of the pancréas. The anterior 
superior pan créa ticoduodenal artery (Al) and 
posterior superior pancreaticoduodenal artery 
(A2) a ri se from the gastroduodenal artery 
(A3) («- common hepatic artery A4 cetiac 
trunk A5). They unité with the inferior pan¬ 
creaticoduodenal artery (A6) arising from the 
superior mesenteric artery (AB7) to form a 
vascular loop around the duodénum and the 
head of the pancréas, establishing a connec¬ 
tion between the arterial Systems of the 
celiac trunk and the superior mesenteric 
artery. 

Veins. Venous drainage from the duodénum 
is through the splenic vein (A8) and superior 
mesenteric vein (AB9) into the hepatic portai 
vein (A10). 

Nerves. Extrinsic autonomie innervation of 
the entire small intestine is provided by 
nerve plexuses around the mesenteric ves¬ 
sels. The parasympathetic fi bers arise from 
the vagal trunks and the sympathetic fibers 
from the celiac ganglia and superior mesen¬ 
teric ganglion. 

Régional lymph nodes. Lymph drains to 
the small group of pyloric nodes (see p. 194) 
and the pancreaticoduodenal nodes. The he¬ 
patic nodes serve as the second filtering sta¬ 
tion, emptying into the celiac nodes which in 
turn drain into the intestinal trunks. 

Jéjunum and lleum 

Arteries. The jéjunum and ileum receive 
their blood supply from branches of the supe¬ 
rior mesenteric artery (AB7). About 4-5 jejunal 
arteries (Bll) and about 12 ileal arteries (B12) 
course in the mesentery to the jéjunum and 
ileum. Each of these numerous jejunal or 
ileal arteries initially gives rise to two 
branches that communicate with the adja¬ 
cent artery. In their course, there are in- 
creasingly numerous interconnections be¬ 
tween the vessels, giving rise to progress- 


ively smaller arterial arcades (B13). The 
branches passing from the peripheral ar¬ 
cades to the intestinal wall are terminal ar¬ 
teries. Hence, occlusion of these vessels can 
resuit in régional intestinal damage. 

Veins. Veins accompanying the arteries 
drain the jéjunum and ileum via the supe¬ 
rior mesenteric vein to the hepatic portai vein 

(A10). 

Nerves. The innervation corresponds to that 
of the duodénum. 

Régional lymph nodes. Lymph from the 
small-intestinal villi and the remainder of 
the intestinal wall drains via the lymphatic 
vessels lying along the arteries. Drainage is 
first to the group of juxtamtesrinal mesen¬ 
teric nodes (B14) near the primary arterial 
arcades, and from there to the superior 
mesenteric nodes, which are adjacent to the 
pancreaticoduodenal nodes, and also via the 
celiac nodes into the intestinal trunks. 

Function of the Small Intestine 

The chief function of the small intestine is diges¬ 
tion and absorption of nutrients. Digestion can be 
defined as the enzymatic breakdown of nutrients 
into absorbable components : carbohydrates are 
broken down into monosaccharides; proteins into 
amino acids: and fats into fatty acids and glycerin. 
Pancreatic sécrétions released into the duodénum 
provide an important source of profein. Digestion 
of fat requires bile acids which are also secreted 
into the duodénum. The intestinal mucosa con¬ 
ta ins absorptïve and mucous-producing épithélial 
cells as well as endocrine cells. The latter secrete 
hormones that regulate pancreatic and gallblad- 
der sécrétion as well as intestinal motility. The 
chyme is moved through the small intestine by 
m/xing and propulsive movements. 
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Large Intestine 

Segments of the Large Intestine: 
OverView 

The large intestine is 1.5-1.8 m long, lt lies 
in the infracolic part of the abdominal cav- 
ity, framing the loops of the small intestine. 
The large intestine may be subdivided into 
four parts: the cecum (Al) and vermiform 
appendix (AC2); the colon, consisting of the 
ascending colon (A3), transverse colon (A4), 
descending colon (A5), and sigmoid colon 
(A6); the rectum (A7); and the anal canal 
(A8). With the exception of the anal canal 
which originates from the ectoderm the en- 
tire large intestine originates from the en- 
doderm. 

Typlcal Features 

The cecum and colon are characterized by 
typical features on their outer surfaces that 
make them readily distinguishable from the 
small intestine. The teniae coli (B9) are 
thickened bonds of the outer longitudinal 
loyer of muscle a bout 1 cm wide. They arere- 
ferred to by their location on the transverse 
colon as mesoco/ic ténia, omentol ténia, and 
free ténia (B10). Projecting into the intesti¬ 
nal lumen are the semilunar folds of colon 
(Bll). Consisting of ail wall layers, they are 
produced by muscular contractions and 
thus vary in number and location. Around 
the outside of the wall of the large intestine 
they create transverse constricting furrows. 
Between consecutive furrows, the colon 
wall bulges outward, forming sacculations 
knows as the haustra of colon (B12). Also on 
the outer surface are subserosal fatty tags 
called omental appendices (B13). 

Cecum and Vermiform Appendix 

Cecum. The initial segment of the large in¬ 
testine is 6-8cm long, saccular, located in 
the right iliacfossa and contains the opening 
of the ileum (04) in its médial wall. The 
mesocolic ténia faces posteromedially; the 
omental ténia posterolaterally; and the free 
ténia (CIO) lies between them and is visible 
from anterior. 


Vermiform appendix (AC2). The ver¬ 
miform appendix is continuous with the 
posteromedial end of the cecum. lt position is 
highly variable (D): in about 65% the ver¬ 
miform appendix lies posterior to the 
cecum in the (ascending) retrocecal posi¬ 
tion: in 31 % it extends beyond the linea ter- 
minalis into the lesser pelvis, lying in the 
(descending) subcecal position: in more 
than 2% it lies posterior to the cecum in the 
(transverse) retrocecal position: in 1 % it lies 
anterior to the ileum in the (ascending) 
paracecal, preileal position: in about 0.5% it 
lies posterior to the ileum in the (ascending) 
paracecal, retroileal position ! In the ascend¬ 
ing, retrocecal position, which is the most 
common. the base of the vermiform appen¬ 
dix projects toward McBumey’s point on the 
anterior abdominal wall (E). This point lies 
about a third of the distance from the begin- 
ning of an imaginary line drawn from the 
anterior superior iliac spine to the navel. 
The vermiform appendix is on average 
10 cm long and 6 mm thick. The three teniae 
of the cecum (C) converge at the opening to 
the vermiform appendix and do not form 
bands in the longitudinal muscle layer of the 
vermiform appendix which has no ténia. 

Peritoneal relations. The peritoneal rela¬ 
tions of the large intestine vary. The cecum 
may be almost completely covered on ail 
sides by peritoneum, in which case it is re- 
ferred to as a free cecum, sometimes with its 
own mesocolon. A fixed cecum is a second- 
arily rétropéritonéal cecum that is affixed to 
the posterior abdominal wall. Located above 
and below the ileocecal junction, and hid- 
den behind the two peritoneal folds, i.e., the 
vascularfoldof cecum and the ileocecal fold, are 
the superior ileocecal recess and inferior ileoce¬ 
cal recess (C15). Behind the right side of the 
cecum is often a retrocecal recess (06). 

The vermiform appendix lies in an in¬ 
traperitoneal position and has its own me- 

soappendix(07). 

Clinlcal note. The course of the teniae can help 
the surgeon to quickly locate the vermiform 
appendix. 
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C Cecum and vermiform appendix 
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Cecum and Vermiform Appendîx, 
cont. 

Mue osai Landmarks 

The semilunar folds of colon (Al ) are visible in 
the interior of the cecum. Opening into its 
wall is the ileum (AB2) with its two mucosa- 
covered valve lips known as the ileocecal lip 
(AB3) and ileocolic lip (AB4) projecting into 
the cecal lumen. These form the ileocecal 
valve that surrounds the ileal orifice (AB5). In 
the cadaver, the ileal orifice is a transverse 
opening; in the living body, the pair of lips 
bulges far into the cecum, forming the ileal 
papilla (B6) and giving the opening a rather 
star-shaped appearance. The mucosa- 
covered lips unité at their outer ends to pro¬ 
duce a fold called the frenulum of ileal orifice 
(A7). The mucosa-covered lips and folds, 
produced for the most part by the invagi- 
nated muscular layerof the terminal ileum, 
act to prevent backfiow of the contents of 
the large intestine into the small intestine. 

At a short distance distal to the ileum, the 
vermiform appendix opens via the orifice of 
vermiform appendix (AB8) into the cecum. 

Microscopie Anatomy 

Cecum (C). Histologically, the structure of 
the cecum largely resembles that of ail other 
segments of the large intestine. The mucosa 
of the cecum does not contain villi; it 
possesses only crypts, or intesrino/ glands 
(C9), which are especially deep and packed 
close together in this part of the large in¬ 
testine. The epithelium is composed of en- 
terocytes (CIO) with a tall brush border as 
well as goblet cells (Cil). The submucosa 
contains areas of lymphatic follicles. The 
circular loyer of the muscular layer forms a 
continuous layer while the longitudinal 
layer is mostly limited to the three teniae. 

Vermiform appendix (D). The histologie 
appearance of the vermiform appendix is 
also similar to that of the rest of the large in¬ 
testine, but its crypts are shallow. A typical 
feature of the vermiform appendix is the 
massive collection of lymphatic follicles, or 
aggregated lymphoid nodules (D12), extending 
from the submucosa into the mucosa. The 
vermiform appendix is an important corn* 
ponent of the immune System (see p. 384). Its 


muscular layer is continuous, consisting of a 
circular layer a nd a longitudinal layer. 

Neurovascular Supply and Lymphatic 
Drainage 

Arteries (E). The cecum and appendix are 
both supplied by the ileocolic artery (E13) 
which arises as the last branch from the su - 
perior mesenteric artery. It gives rise to the 
following branches: 

the appendicular artery (E14), which runs in 
the mesoappendix to the vermiform appen¬ 
dix; 

the anterior cecal artery ( E15), which runs in 
the vascular fold of cecum to the anterior 
wall of the cecum; 

the posterior cecal artery (E16) to the poste- 

rior wall of the cecum; 

the ileal branches to the terminal ileum 

(E17). 

Veins. Venous drainage is via the veins of the 
same name which empty via the superior 
mesenteric vein into the hepatic portai vein. 

Nerves. Autonomie innervation is identical 
to that of the small intestine. 

Régional lymph nodes. Lying in the angle 
between the ileum and cecum, the ileocolic 
nodes, prececal nodes, retrocecal nodes, and 
appendicular nodes collect lymph from the 
cecum and vermiform appendix and drain 
via the mesenteric nodes into the infesrina/ 
trunks. 

Function. The main function of the cecum and 
colon is reabsorption of water and electrolytes which 
enter the intestinal lumen atong with digestive 
juices. After the digestive processes are 
completed in the ileum, the large intestine re- 
ceives indigestible residues which are broken 
down by bacteria. Intestinal contents are trans- 
ported through the large intestine and converted 
to solid waste by means of slow peristalsis and 
antiperistalsis. A few propulsive movenients are 
sufficient to propel the intestinal contents distal- 
ward into the colon. 

The vermiform appendix is an important site serv- 
ing the immune System of the digestive tract (see p. 
398). 

Clinical note. In its function as part of the im¬ 
mune System, the vermiform appendix can 
overreact to infection. Inflammation, or appen¬ 
dices. can resuit in perforation with a résult¬ 
ant spread of inflammation to the abdominal 
cavity (peritonitis). 
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E Vessels and lymph nodes 
of cecum and appendix 


B Invagination ofthe ileum and 
base of vermiform appendix 


D Microanatomyof vermiform 
appendix 


C Microanatomyof large 
intestine wall 
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Colon Segments 

Ascending colon. The cecum (Al) is con¬ 
tinuons above the ileal orifice with the as¬ 
cending colon (A2). The ascending colon lies 
in the lower right part of the abdomen and 
extends to the rightcolic flexure (A3) which is 
usually situated between the right inferior 
pôle of the kidney and the right lobe of the 
liver. The ascending colon is a secondarily rét¬ 
ropéritonéal organ. 

Transverse colon (A4). The transverse 
colon begins at the right colic flexure. It is an 
intraperitoneal organ and its position may 
vary considerably, sometimes lying as high 
as the level of the navel or as low as the 
lesser pelvis. It is attached to the posterior 
abdominal wall (see p. 189 A) by the trans¬ 
verse mesocolon (B5). to the liver by the hepa- 
tocolic ligament, and to the stomach by the 
gastrocolic ligament. 

Descending colon. The transverse colon 
turns sharply at the left colic flexure (A6), 
below the left dôme of the diaphragm and 
joins the descending colon (A7). The sharp 
bend in the colon is fixed in position by the 
phrenicocolic ligament. Its fixed position can 
obstruct the passage of intestinal contents. 
The descending colon lies on the left side of 
the lower abdomen and, as a secondarily rét¬ 
ropéritonéal organ, is affîxed to the posterior 
abdominal wall. 

Sigmoid colon. The descending colon be- 
comes continuous with the sigmoid colon 
(AB8) in the left iliac fossa. The sigmoid por¬ 
tion of colon is again intraperitoneal. It is at¬ 
tached to the posterior abdominal wall by 
the sigmoid mesocolon (A9), the root of which 
may contain the intersigmoid recess. The sig¬ 
moid colon follows an S-shaped course 
toward the midline of the body, where it be- 
comes continuous with the rectum at the 
level of L2 or L3. 

The above-mentioned segments of the 
colon ail bear the characteristic features of the 
large intestine; each has three teniae, of 
which only the free ténia (A10) is readily vis- 
ible. On ail secondarily rétropéritonéal 
parts, the mesocolic and omental teniae 
face the posterior abdominal wall; on the 
transverse colon, the mesocolic ténia is lo- 


cated at the attachment of the transverse 
mesocolon, and the omental ténia is at the 
attachment of the greater omentum (Ail ). 

Mucosal landmarks and microanatomy. The 

surface structure of the mucosa is formed by the 
semilunar folds of colon. Its microscopie anatomy jî 
similar to that of the cecum (see p. 204). The 
crypts become progressive^ shallower toward the 
anus. 

Neurovascular Supply and Lymphatlc 
Drainage 

Arteries (B). The ascending colon and most 
(about 70 of the transverse colon receive 
their blood supply from the right colic artery 
and middle colic artery (B12), arising from the 
superior mesenteric artery (see p. 201 B). The 
right colic artery usually anastomoses with 
both the ileocolic artery and the middle colic 
artery. The left 7* of the transverse colon is 
nourished, as is the descending colon, by 
the left colic artery (B13), arising from the in- 
ferior mesenteric artery (B14). The middle 
colic artery anastomoses with the left colic 
artery; hence there is communication be¬ 
tween the superior and inferior mesenteric 
arterial Systems. The sigmoid artery (B15) 
joins the left colic artery and anatomoses 
with this vessel. 

Veins. Veins of the same name follow the 
course of the respective arteries and drain 
via the superior mesenteric vein or inferior 
mesenteric vein (B16) to the hepatic portai 
vein. 

Nerves. Fibers arising from the vagus nerve 
provide parasympathetic innervation of the 
colon as far as a point between the middle 
and left thirds of the transverse colon (Can- 
non-Boehm point); beyond this point the 
parasympathetic fibers to the colon origi- 
nate in the sacral spinal cord at the level of 
S2-S5 and pass cephalad via the sacral 
splanchnic nerves to the autonomie plexuses 
lying along the blood vessels. Sympathetic 
fibers arise from the superior mesenteric 
plexus or inferior mesenteric plexus (B17). 

Régional lymph nodes. The paracolic nodes 

lie directly on the colon. The colic nodes 
(B18) are located along the nourishing ves¬ 
sels. They drain to the mesocolic nodes 
which in turn drain to the celiac nodes. 
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Rectum and Anal Canal 

At the level of S2 or S3, the sigmoid colon 
(Al) becomes continuous with the rectum 
(A2). The rectum is about 15cm long. The 
portion of the rectum in the lesser pelvis, 
namely the sacral flexure of rectum (A3), fol- 
lows the anterior concavity of the sacro- 
coccygeal curve. At the anorectal flexure of 
rectum (A4), an anterior convexity of the rec¬ 
tum, it bends to pass posteriorly through 
the pelvic diaphragm and become continu¬ 
ous with the anal canal. In addition to the 
ciirvotures in the sagittal plane, the rectum 
also bends in the frontal plane (latéral flex- 
ures). The rectum does not share the 
characteristics typical of the large intestine- 
haustra, omental appendices, and teniae- 
and its longitudinal muscle layer is a continu¬ 
ous loyer rather than gathered in bands. 

The anal canal (AS), about 4cm long, is the 
final portion of the intestinal canal. It is sur- 
rounded by a complex sphincter apparatus 
and opens at the anus (A6). 

The upper part of the rectum is covered on 
its anterior aspect by peritoneum. In the 
male pelvis, the peritoneum reflects onto 
the urinary bladder, forming the rectovesical 
pouch. In the female pelvis, it reflects onto 
the utérus, forming the rectouterine pouch 
(A7). The upper portion of the rectum is rétro¬ 
péritonéal. Like the anal canal, the distal 
portion of the rectum has no peritoneal 
covering. 

Mucosal landmarks and microanatomy. 

Above the anal canal, the rectum can form a 
dilation known as the rectal ampulia. There 
are usually three constant transverse folds 
projecting into the interior of the rectum 
known as the transverse folds of rectum. The 
upper and lower folds project from the left, 
while the middle and largest of the three, 
Kohlrausch’s fold (A8), projects from the 
right. It is located about 6cm from the anus. 
In the female pelvis, Kohlrausch’s fold lies at 
the height of the rectouterine pouch, the 
lowest point in the peritoneal cavity. 

The structure of the walls of the rectum re- 
sembles that found elsewhere in the large 
intestine. 


Sphincter Apparatus 

Surrounding the anal canal is a comple: 
sphincter apparatus. Its components consis 
of an inner layer of the smooth musct 
forming the internai anal sphincter (BCD9 
and an outer layer of striated muscle form 
ing the extemal anal sphincter (BDC10), thi 
fibers of which pass caudal to the pelvii 
floor musculature to blend with the levatoi 
ani muscle. 

Internai anal sphincter. This is a thickenei 
continuation of the circular muscle layer o! 
the large intestine. It extends as far as th t 
anocutaneous line and can be palpated there 
as a muscular ring surrounding the ana 
canal. 

External anal sphincter. This surrounds the 
outer surface of the smooth muscle of the 
internai anal sphincter. Official anatomical 
terminology divides it into three com¬ 
ponents: a siibcuraneous part (B10 a), a su- 
perficial part (B10 b), and a deep part (B10 c). 
The external anal sphincter is connected by 
the anococcygeal body (AD11) to the coccyx. 
Its inferior portion blends with the pu- 
borectalis (B12) part of the levator ani 
muscle. 

The external and internai anal sphincters 
are separated by a thin layer of longitudinal 
smooth muscle cells (B-D13). These longi¬ 
tudinal bundles are the continuation of the 
longitudinal muscle layer of the intestinal 
wall and fan out as the corrugator cutis muscle 
of anus into the perianal skin. During their 
course, they permeate the subeutaneous 
part of the striated sphincter muscle. 

The internai anal sphincter is normally in a State of 
contraction, which is mostly influenced by sym- 
pathetic innervation. Although the extemal anal 
sphincter is also in a state of involuntary tonie con¬ 
traction, the pudendal nerve also médiates vo/un- 
tary contraction. 

CD14 Périnéal body. CD15 Ischioanal fossa. D16 
Bulb of pénis 
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B Sphincter apparatus, frontal section 
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C Subcutaneous part of sphincter 
apparatus in female, cross-section 


D Sphincter apparatus in male, 
cross-section 
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Rectum and Anal Canal, cont. 

Mucosal Landmarks and Microscopie 
Anatomy of the Anal Canal 

Mucosal landmarks. Lying at the upper end 
of the anal columns (Al), the anorectal junc* 
tion (A2) marks the junction between the 
rectum and the anal canal and the transition 
from rectal mucosa to the irregular mucosa 
of the anal canal. The anal columns are 6-10 
longitudinal mucosal folds between which 
lie dépréssions called anal sinsuses (A3). At 
their lower ends, the anal columns are con- 
nected by transverse folds known as the anal 
valves (A4), demarcating the peetinate line. 
The anal columns overlie the arteriovenous 
plexuses surrounding the rectum (A5) 
which are fed by the superior rectal artery. 

Histology. The mucosal composition of the 
anal canal alternâtes at the anal columns be¬ 
tween columnar epithelium and stratified, 
nonkeratinized squamous epithelium. Distal 
to the anal columns is the anal transition zone 
(A6), a strip of mucosa that appears white to 
the naked eye and consists entirely of 
stratified, nonkeratinized squamous epitheli¬ 
um. The mucosa of the anal transitional 
zone is highly sensitive to pain and is firmly 
attached to the underlying layers. It ends at 
the anocutaneous line (A7) where the 
stratified, nonkeratinized squamous epithe¬ 
lium of the mucosa transitions into the 
stratified , keratinized squamous epithelium 
of the skin. 

Clinical note. Internai hemorrhoids resuit from 
prolapse of the arteriovenous plexuses under- 
lying the anal columns with loss of blood that 
is bright red in color, indicating its arterial 
source. 


Neurovascular Supply and Lymphatic 
Drainage 

Arteries. Most of the rectum is nourished by 
the superior rectal artery (B8) which arises 
from the inferior mesenteric artery. The in¬ 
constant middle rectal artery (B9) («- internai 
iliac artery ) passes to the wall of the rectum 
at the level of the pelvic floor. The inferior 
rectal artery (B10) originates from the inter¬ 


nai pudendal artery and supplies the am 
canal and external anal sphincter. 

Veins. The veins draining the rectum anas 
tomose to form the rectal venous plexus tha 
surrounds it. Venous drainage correspond 
to arterial supply; drainage is via the superio 
rectal vein to the inferior mesenteric vein am 
then to the hepatic portai vein or via th 
middle and inferior rectal veins to the interna 
iliac vein and then inferior vena cava. 

Nerves. Autonomie nerve supply to the rec 
tum and anal canal is from the sacral portioi 
of the parasympathetic nervous System am 
the lumbar sympathetic trunk. The nervi 
fi bers pass to the organs via the inferior hy 
pogastric plexus (B11 ). 

Régional lymph nodes. Lymph from thi 
rectum drains via the superior rectal node: 
lying a long the superior rectal artery to th< 
inferior mesenteric nodes. Lymph from th< 
anal canal drains to the superficial inguina 
nodes. 

Functlon 

The functions of the rectum and anal canal ma> 
be summed up in two words: continence and défé¬ 
cation. 

Continence. The sustained tonie contraction of the 
sphincter normally keeps the anus closed. The pu- 
borectalis forms a muscular sling around the ano¬ 
rectal flexure, drawing it forward and also closing 
the anal canal. The blood-filled arteriovenous plex¬ 
uses surrounding the body of the rectum also help en- 
sure complété closure of the anal canal. 

Défécation. Défécation is preceded by the move- 
ment of the contents of the colon into the rectum. 
Accumulation of feces in the rectum increases 
wall tension, stimulating défécation, which in 
turn leads to reflexive relaxation of the internai anal 
sphincter. Voluntarily relaxing the puborectalis and 
internai anal sphincter, and using intra-abdominal 
pressure, leads to voluntary défécation. 

Clinical note. In clinical practice, the sphincter 
apparatus is viewed as only one component in 
the entire organ of continence (consisting of the 
rectum, anal canal, sphincter apparatus, pu¬ 
borectalis, arteriovenous plexuses of rectum , and 
autonomie nerves) which works as a unit to 
achieve proper closure of the rectum and en- 
sure continence. 
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Alimentary System: Large Intestine 


Liver 

Cross Anatomy 

The greater part of the liver (Al) lies mostly 
below the right dôme of the diaphragm. The 
inferior border of this reddish brown organ 
is nearly flush with that of the right costal 
margin. The border of the liver runs diago¬ 
nal ly to the left and passes through the epi- 
gastric région as it intersects the midclavic- 
ular line. 

The liver is an intraperitoneal organ and, ex- 
cept for the bare area, is completely covered 
by viscéral peritoneum. It is attached by the 
fafciform ligament to the pariétal peri¬ 
toneum of the anterior abdominal wall, by 
the lesser omentum or hepatoduodenal liga¬ 
ment to the duodénum, and by the hepato- 
gastric ligament to the lesser curvature of 
the stomach. The peritoneum surrounding 
the liver gives it a smooth, glistening ap- 
pearance. 

With the naked eye, a convex diaphragmatic 
surface and a viscéral surface with a complex 
arrangement of structures can be distin- 
guished. 

Diaphragmatic Surface 

The diaphragmatic surface consists of 
various parts, the largest of which is the 
anterior part (B) which faces anteriorly. The 
anterior part is divided by the sagittally 
oriented falciform ligament (BC2) into a right 
lobe of liver ( B3 ) a n d a left lobe of liver ( B3 ). The 
anterior surface converges with the viscéral 
surface at the distinct inferior border (B5). 

The superior part (C) of the liver faces 
cephalad. Near the inferior vena cava (CD6), 
the liver is attached to the diaphragm in the 
bare area (C7) which is not covered by 
viscéral peritoneum. Once the liver has been 
freed from its attachments, the bare area is 
framed by reflections of the viscéral peri¬ 
toneum onto the pariétal peritoneum: the 
coronary ligament (C8) continues on the right 
side as the right triangular ligament (C9) and 
on the left side as the left triangular ligament 
(CIO). The latter terminâtes in a fibrous 
band called the fibrous appendix of liver 
(Cil). The coronary ligament from either 


side passes anteriorly to become continuous 
with the falciform ligament (BC2). On the 
left side, in front of the inferior vena cava, 
the heart lies adjacent to the superior partof 
the liver, separated from the cardiac impres¬ 
sion by the diaphragm. The right part refers 
to the right, latéral portion of the diaphrag¬ 
matic surface and the posterior part to the 
small, posteriorly directed portion. 

Viscéral Surface 

The viscéral surface of the liver extends di- 
agonally from posterosuperior to anter- 
oinferior. It lies in close proximity to the ad¬ 
jacent organs. It is subdivided by a set of H* 
shaped grooves. The porta hepatis (D12 ) forms 
the (horizontal) crossbar of the H. Entering 
the liver at the porta hepatis are the portai 
veins (D13), two branches of the hepatic 
artery proper (D14), and nerves; the right he¬ 
patic duct (DIS), left hepatic duct (D16), and 
lymphatic vessels leave through the porta 
hepatis. The left (sagittal) limb of the H is 
formed by the fissure for round ligament 
(D17), containing the round ligament of liver 
(D18), a vestige of the umbilical vein; and 
the fissure for ligamentum venosum (D19) 
lodging the ligamentum venosum (D20), a 
remnant of the ductus venosus. The right 
(sagittal) limb of the H is formed by a groove 
called the fossa for gallbladder which lodges 
the gallbladder (D21 ) and the groove for vena 
cava (D22) which contains the inferior vena 
cava (CD6). The left limb of the H divides the 
right and left lobes of the liver while the 
right limb divides the right lobe of the liver 
from the quadrate lobe (D23) in front and the 
caudate lobe (D24) behind. The papillary 
process projects inferiorly from the caudate 
lobe; the caudate process projects into the 
right lobe of the liver. 

The viscéral surface of the liver is marked by 
visible impressions from adjacent organs 
attached to it: its left side is marked by an 
élévation known as the omental tuberosity 
(D25) as well as the esophageal impression 
(D26) and gastric impression (D27). In- 
denting the right side of the liver are the 
duodenal impression (D28), colic impression 
(D29), rénal impression (D30), and su¬ 
prarénal impression (D31). 
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Liver Segments 

The liver may be divided either into lobes 
based on macroscopie features, or into liver 
segments based on the distribution of intrahe- 
patic vessels, i.e., the hepatic portai vein, he- 
patic artery proper, and bile ducts. These seg¬ 
ments are variable and are also described 
differently in the literature, but are gen- 
erally seen as consisting of a right part of liver 
and a left part of liver. The left part of the liver 
can be further subdivided into medial and 
latéral parts (see p. 216 A). The boundaries 
between these segments, or functional 
units, differ from the boundaries between 
the right and left lobes. 

Microscopie Anatomy 

The liver is enclosed in a fibrous capsule that 
accompanies the hepatic vessels as they 
pass into the interior of the organ forming a 
supporting framework of connective tissue 
also known as the perivascular fibrous cap¬ 
sule (Glisson’s capsule). Lying in the spaces 
within the connective tissue framework are 
hépatocytes (Al), the épithélial cells of the 
liver. Together the connective tissue, hépa¬ 
tocytes, and vessels form the architectonie 
structural units of the liver known as the 
lobules of liver (AB2). 

Lobules of the Liver 

Classical lobule model. Located at the cen- 
ter of each functional unit is a central vein 
(AB3). Each polygonal lobule is surrounded 
by a small amount of connective tissue that 
becomes denser at the corners between ad¬ 
jacent lobules, forming triangular régions 
called portai areas (B4). Each portai area con- 
tains three main structures-a branch of the 
hepatic portai vein, i.e., an interlobular vein 
(A5), a branch of the hepatic artery proper, 
i.e., an interlobular artery (A6), and a bile 
duct, i.e., an interlobar duct (A7)-encased in 
the connective tissue of the Clisson's cap¬ 
sule and collectively known as a portai or 
Clisson's triad. The hépatocytes radiate 
toward the periphery of the lobule. They are 
composed of cell plates between which 
long, sinusoïdal capillaries (A8) also radiate 
outward. The sinusoidal capillaries receive 


blood from both the hepatic artery proper 
and the hepatic portai vein; in other words, 
they receive oxygenated, nutrient-rich 
blood. After transfer of substances within 
the sinusoids between the blood and hépa¬ 
tocytes, the blood drains via the central vein 
into the collecting veinsand then into the he¬ 
patic veins. Between the vessel walls of the 
hepatic sinusoids and the surfaces of the 
hépatocytes is a space called the perisinu- 
soldai space (CD9) (Disse’s space). The micro- 
villi (D10) of the hépatocytes project into 
this space which also contains fat-storing 
cells called Ito cells. The walls of the hepatic 
sinusoids are composed of fenestrated en¬ 
dothélium (Dll) and a rudimentary base¬ 
ment membrane; they also contain phago- 
cytic cells called hepatic stellate cells. The mi- 
crovilli projecting into the perisinusoidal 
space hâve direct contact with blood fluids 
that percolate past the sinusoidal wall to 
reach them. 

Portai lobule model (B). This model places 
the portai area at the center of the lobule, 
emphasizing the flow direction ofthe bile. Bile 
is produced by the hépatocytes and secreted 
into the bile canaliculi (C12). Bile canaliculi 
resemble channels whose sides are formed 
by cell contacts in the spaces between the 
hépatocytes. Bile flows from the région 
around the central veins to the interlobular 
ducts which in turn form biliaryductules that 
empty into the right hepatic duct and left he¬ 
patic duct. The portai lobule is triangular in 
shape and contains the central veins at its 
corners. 

The axis of the rhombic hepatic acinus (B) contains a 
branch of the hepatic artery proper. In the outer 
zone (zone 1), the adjacent hépatocytes hâve a 
high metabolic rate. Outer zone cells receive 
highly oxygenated because of their proximity to 
distributing arteries. In the inner zone (zone 3) the 
metabolic rate of the hépatocytes as wel! as their 
oxygen supply is diminished. 

Liver functions. As the largest metabolic organ in 
the body. the liver fulfills important functions 
such as assisting in the metabolism of carbohy¬ 
drates, proteins, and fats, as well as détoxification 
processes. In its function as an exocrine gland it 
produces bile which is secreted as needed into the 
duodénum via a duct System. During/eta/ life it is 
involved in hematopoiesis. 
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B Lobule of liver (blue). portai lobule (green), D Hépatocytes and sinusoïdal 

acinus (orange) capîllaries. électron micrograph 
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Neurovascular Supply and Lymphatic 
Drainage 

Arterîes (B). The liver receives oxygenated 
blood from the hepatic artery proper (B1) 
(«- common hepatic artery <- celiac trunk } 
which passes in the hepatoduodenal liga¬ 
ment to the porta hepatis and divides into 
two branches, a right branch (B2) and a left 
branch (B3). 

Veins. Venous blood drains from the liver 
through several short hepatic veins to the in- 
ferior vena cûvû. Nutrient-rich blood from 
the gastrointestinal tract flows via the portai 
veins to the liver (see below). 

Nerves. Nerve supply to the liver is provided 
by autonomie nerves from the celiac nerve 
plexus. 

Régional lymph nodes. Lymph is drained 
via the hepatic nodes lying along the porta 
hepatis to the s uperior diaphragmatic nodes 
and parasternal nodes. 

Portai Vein System (C) 

Hepatic portai vein (BC4). The hepatic por¬ 
tai vein receives blood from three major tribu- 
taries (see below) that drain the unpaired ab¬ 
dominal organs. This enables the nutrients 
absorbed in the intestine to reach the liver 
via the shortest pathway. After entering the 
liver, the hepatic portai vein divides into a 
right branch to the right lobe of the liver and 
a left branch to the left lobe of the liver. These 
large hepatic portai branches each ramify 
into the interlobular veins. 

Tributaries. The splenic vein (BC5) accompa- 
nies the splenic artery along the upper 
border of the pancréas. It receives the pan- 
creatic veins, s/iort gastric veins, and left 
gastroomental vein. The inferior mesenteric 
vein (BC6), which opens into the splenic vein 
behind the body of the pancréas, receives 
the left colic vein (C7), sigmoid veins. and su - 
perior rectal vein. It courses in a fold of peri¬ 
toneum known as the superior duodenal 
fold over the duodenojejunal flexure to be¬ 
hind the pancréas. Behind the head of the 
pancréas, the splenic vein unités with the 
superior mesenteric vein to form the portai 


vein. The superior mesenteric vein (BC8) re 
ceives the jejunal and ileal veins (C9), righ 
gastroomental vein, pancreatic veins, pan 
creaticoduodenal veins, ileocolic vein (CIO 
right colic vein (Cil), and middle colic veii 
(C12). The superior mesenteric vein and it 
tributaries accompany the correspondis 
arteries of the same name. A few smallei 
surrounding veins empty directly into th< 
trunk of the hepatic portai vein. These an 
the cystic vein, right and left gastric veins 
prepyloric vein, and paraumbilical veins. Th< 
paraumbilical veins accompany the rounc 
ligament of the liver and communicate witl 
the subeutaneous veins of the abdomina 
wall and hepatic portai vein. 

Portal-caval Anastomoses 

ln spécifie régions of the body, the drainag< 
area of the hepatic portai vein communi 
cates with that of the superior and inferioi 
venae cavae: 

1. Esophagus. The gastric veins connect witl 
esophageal veins which drain via the azygo: 
vein and hemiazygos vein into the superio\ 
vena cava (I). In hepatic portai vein oedu 
sion, increased drainage to the esophagea 
veins can resuit in dilated blood vessel: 
known as esophageal varices. 

2. Abdominal wall. The hepatic portai veir 
is connected via the paraumbilical veins (Il 
with superficial veins of the abdomen thaï 
empty via the t/ioracoepigastric veins intc 
the superior vena cava. An increased volume 
of blood in the abdominal région can cause 
dilation of superficial abdominal vesseh 
and may resuit in a condition called capul 
medusae. 

3. Rectum. The superior rectal vein, which 
empties via the inferior mesenteric vein intc 
the hepatic portai vein, connects with the 
middle and inferior rectal veins (III) which 
drain via the interna/ iliac vein into the infe- 
rior vena cava. A back-up of portai blood in 
this région can resuit in hemorrhoids. 
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B Vesselsand 
bile ducts 


A Liver segments, anterior and 
posterior aspects 


C Portai venous System and 
collateral circulation 
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Bile Ducts and Gallbladder 

For clinical purposes, the bile ducts may be 
divided into intrahepatic and extrahepatic 
part. 

Intrahepatic bile ducts. The intrahepatic 
bile ducts begin at the bile canaliculi between 
the hépatocytes (see p. 214). These tiny 
channels open through the short canals of 
Hering into the interlobular bile ducts which 
unité to form laiger bile ducts. The larger bile 
ducts accompany the hepatic vessels and 
empty into the right hepatic duct and left he¬ 
patic duct which arise from the right and left 
lobes of the liver and receive a right duct of 
caudate lobe and a left duct of eau date lobe 
respectively. 

Extrahepatic bile ducts. Near the porta he- 
patis the right hepatic duct( AB1 ) and left he¬ 
patic duct (AB2) unité to form the common 
hepatic duct (AB3). The common hepatic 
duct is the initial part of the extrahepatic 
duct System. Itis4-6cm long and contained 
within the hepatoduodenal ligament. After 
receiving the cystic duct (AB4), which joins it 
at a Sharp angle, it continues as the 6-8cm 
long bile duct (AB5). The bile duct initially 
lies in the hepatoduodenal ligament before 
traveling behind the superior part of the 
duodénum to the médial side of the de¬ 
scend ing part of the duodénum. There it 
usually joins the pancreatic duct (B6) with 
which it opens on the major duodenal papilla 
(B7)(see p. 198). Before its junction with the 
pancreatic duct. the bile duct is surrounded 
by a sphincter called the sphincter ofthe bile 
duct. The junction of the two ducts is often 
expanded to form the hepatopancreatic am- 
pulla (B8) which has its own sphincter ofam- 
pulla. The mucosa of the extrahepatic bile 
ducts has almost no folds, with the excep¬ 
tion of the cystic duct, which has a complex 
spiral fold. 

Microanatomy. The extrahepatic bile ducts are 
lined by columnar epithelium overlying a thin layer 
of connective tissue (lamina propria). Beneath this 
the muscular layer consists of a thin layer of 
smooth muscle cells. The connective tissue adven- 
titja contains the g/ands of bile duct. 


Gallbladder 

The gallbladder (C9) is a thin-walled, pear- 
shaped sac 8-12 cm long and 4-5 cm wide 
which can hold 30-50 ml of fluid. It can be 
divided into the fundus of gallbladder (CIO), 
body of gallbladder (Cil ), and neck of gallblad¬ 
der (02). The gallbladder rests in a déprés¬ 
sion on the liver and is attached to it by con¬ 
nective tissue. The fundus ofthe gallbladder 
extends past the inferior border ofthe liver. 
The neck, which lies above the superior part 
of the duodénum, faces backward and up- 
ward. The inferior surface ofthe gallbladder 
is covered by peritoneum. 

The mucosa forms ridgelike mucosal folds 
thatallow expansion of the gallbladder, pro- 
ducing a pattern of polygonal areas which 
are visible to the naked eye. 

Microanatomy. The mucosa is composed of co- 
lumnar epir/ie/itim with goblet cells and sub- 
epithelial connective tissue. The muscular layer con¬ 
tains a spiral arrangement of smooth muscle cells 
and is mostly covered on its outer aspect by a se- 
rous coat. 

Neurovascular Supply and Lymphatic 
Drainage 

Arteries. The gallbladder is supplied by the 
cystic artery (<- right branch of hepatic artery 
proper ). 

Veins. The cystic veins empty directly into 
the hepatic portai vein. 

Nerves. The autonomie nerve fi bers to the 
bile ducts and gallbladder arise from the 
celiac nerve plexus. The peritoneal covering 
surrounding the gallbladder and liver is in¬ 
nerva ted by sensory fi bers from the right 
phrenie nerve. 

Régional lymph nodes. Lymph from the 
gallbladder walls drains to the hepatic nodes. 

Function. The gallbladder stores and concen¬ 
trâtes bile, and the bile ducts transport it. 

Clinical note. The gallbladder and bile ducts 
can be visualized using contrast radiography 
or ultrasonography, another excellent means 
of viewing these structures. 
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C Gallbladder in situ 


B Opening of extrahepatic 
bile ducts into duodénum 
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Pancréas 

Cross and Microscopie Anatomy 

The pancréas (Al ) is a wedge-shaped organ, 
13-15 cm long, that lies on the posterior 
abdominal wall at the level of L1-L2. lt ex- 
tends almost horizontally from the C- 
shaped duodénum to the splenic hilum and 
may be divided by its macroscopie features 
into three parts: 

Head of pancréas (B2).The head of the pan¬ 
créas, which lies in the duodenal loop, is the 
thickest part of the organ. The hook-shaped 
uncinate process B3) projects posteriorly and 
inferiorly from the head of the pancréas sur- 
rounding the mesenteric vessels (B4). Be- 
tween the head of the pancréas and the un- 
cinate process is a groove called the pan¬ 
creatic notch (B5). 

Body of pancréas (B6). Most of the body of 
the pancréas lies in front of the vertébral 
column. The body has an eminence, near 
the neck, called the omental tuberosity (B7) 
which extends into the omental bursa (see 
P- 222). 

Tail of pancréas (B8). The tail of the pan¬ 
créas extends to the splenorenal ligament of 
the spleen. 

The rétropéritonéal pancréas is covered on ail 
sides by connective tissue. The transverse 
mesocolon (B9) passes horizontally along 
the anterior surface of its head and body. 
The anterior surface is divided by the rootof 
the mesocolon into an anterosuperior surface 
(B10), which faces upward, and an antero- 
infe ri or surface (Bll), facing downward. 

The 2 mm thick pancreatic duct (B12) runs 
along the long axis of the gland near its pos¬ 
terior surface, lt usually opens with the bile 
duct onto the major duodenal papilla (B13). 
In rare instances, the ducts may open inde- 
pendently into the duodénum. A patent ac- 
cessory pancreatic duct (B14) is not uncom- 
mon. lt drains above the main excretory 
duct into the minor duodenal papilla. 

Microanatomy. The pancréas is a prédomi¬ 
nant^ exocrine gland. The endocrine part 
consists of the pancreatic islets (see p. 324). 


The exocrine part (C) is purely serous, and its 
secretory units, or acini (05), contain 
polarized épithélial cells. Draining the secre¬ 
tory units are long intercalated ducts (06) 
that begin within the acini and form the 
first part of the excretory duct System. In 
cross-section the invaginated intercalated 
ducts appear as centroadnar cells (CD17). 
The intercalated ducts drain into larger ex¬ 
cretory ducts which ultimately unité to form 
the pancreatic duct. The fibrous capsule sur- 
rounding the pancréas sends délicate 
fibrous septa into the interior of the organ, 
dividing it into lobules. 

Neurovascular Supply and Lymphatic 
Drainage 

Arteries. Arterial supply to the head of the 
pancréas, like that of the duodénum (see p. 
200), is provided by branches of the 
gastroduodenal artery (<- common hepatic 
artery): the posterior superior pancreati- 
coduodenal artery and the anterior superior 
pancreaticoduodenal artery. Both vessels 
anastomose with the inferior pancreati¬ 
coduodenal artery from the superior mesen¬ 
teric artery. The body and tail of the pan¬ 
créas receive their blood supply from the 
pancreatic branches which are branches of 
the splenic artery. 

Veins. Venous drainage is via short veins 
named after the corresponding arteries. 
They empty via the splenic vein and superior 
mesenteric vein into the hepatic portai vein. 

Nerves. Sympathetic fibers to the pancréas 
arise from the celiacplexus; parasympathetic 
fibers arise from the vagus nerve. 

Régional lymph nodes. Lymph from the 
head of the pancréas drains into the pan¬ 
creaticoduodenal nodes and from there usu¬ 
ally to the hepatic nodes. Lymph from the 
body and tail of the pancréas drains to the 
pancreatic nodes lying along the superior and 
inferior borders of the pancréas. The pan¬ 
creatic nodes drain into the celiac nodes. 

Function. The exocrine pancréas produces a 
sécrétion containing /ipase which breaks down 
fat. omy/ase which breaks down carbohydrates, 
and precursors of protease which breaks down 
protein. 
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8 Pancréas and excretory 
ducts, in situ 


D Acinus in longitudinal 
and transverse section 


C Microanatomy of pancréas 
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Alimentary System: Pancréas 


Topography of the Omental Bursa 
and Pancréas 

Omental Bursa 

The omental bursa is a nearly completely 
closed peritoneal cavity containing a capillary 
film that lies behind the stomach (Al) and 
lesser omentum and in front of the pariétal 
peritoneum-covered pancréas (A2). The 
omental foramen (arrow) is the only natural 
entrance to the omental bursa. The peri¬ 
toneal relations in and around the omental 
bursa hâve already been discussed in 
greater detail (see p. 188). 

The omental bursa is visible in its entirety 
only after it has been freed by one of various 
surgical routes (dividing the lesser omen¬ 
tum, gastrocolic ligament, or transverse me- 
socolon). 

Vestibule of omental bursa. The omental 
foramen leads to the vestibule of the omen¬ 
tal bursa which is bounded anteriorly by the 
lesser omentum and posteriorly by the pa¬ 
riétal peritoneum. Projecting into the vesti¬ 
bule is the papillary process of the caudate 
lobe of the liver (AB3). To the left of the 
papillary process is the prominent gastro- 
pancreatic fold (A4) that divides the vestibule 
from the main part of the cavity. 

Main cavity. The greater part of the omental 
bursa consists of the superior recess of omen¬ 
tal bursa, extending upward between the 
esophagus and inferior vena cava ; the splenic 
recess of omental bursa (A5), extending to the 
left between the splenic ligaments and stom- 
ach ; and the inferior recess of omental bursa 
(A6), extending downward between the 
stomach and transverse colon. 

Omental foramen. The anterior boundary 
of the omental foramen is formed by the 
hepatoduodenal ligament, a part of the lesser 
omentum. Lying in the hepatoduodenal 
ligament are the hepatic artery proper (B7), 
the bile duct(B8), and the hepatic portai vein 
(B9). On inserting a finger into the omental 
foramen, the hepatic portai vein, lying fur- 
thest posteriorly in the hepatoduodenal 
ligament, can be felt at the anterior bound¬ 
ary of the omental foramen; behind the he¬ 


patic portai vein the inferior vena cava can 
be palpated. The puise of the left gastric 
artery (BIO) can be palpated in the gastro- 
pancreatic fold (A4). 

Pancréas 

The pancréas lies on the posterior wall of the 
omental bursa. Its anterior surface is covered 
by pariétal peritoneum, and its head is sur- 
rounded by the duodénum. The pancréas 
lies in close proximity to the large trunks in 
the upper abdomen. Running along its supe- 
rior border (B11) is the splenic artery (B12) 
which is accompanied by the splenic vein 
(B13) passing deep to it. Behind the body of 
the pancréas, the splenic vein receives the 
inferior mesenteric vein which unités behind 
the head of the pancréas with the superior 
mesenteric vein (B14) to form the hepatic 
portai vein (B9). The superior mesenteric 
artery (B15), which originates from the 
aorta, passes behind the pancréas and de¬ 
scends along the duodenojejunal flexure 
(B16) before proceeding through the pan- 
creatic notch to the uncinate process, over 
the superior border of the horizontal part of 
the duodénum and into the root of the 
mesenteries. 

Additional structures lying posterior to the 
pancréas are, from right to left: the bile duct, 
inferior vena cava, aorta, left adrenal gland, 
left kidney, and vessels of the left kidney. The 
tail of the pancréas projects into the splenic 
hilum and thus also has a topographical re- 
lationships to the left colic flexure and de- 
scending colon (B17). 

Clinical note. Disorders of the pancréas (inflam¬ 
mation, cancer of the pancreatic head) can 
spread to the adjacent duodénum or cause ob¬ 
struction of the hepatic, bile, and pancreatic 
ducts with résultant obstructive jaundice. Pan¬ 
creatic disease can also cause a backup in the 
hepatic portai vein or inferior vena cava. 

Diagnosis of pancreatic disease has been greatly im- 
proved by the use of modem imaging techniques 
such as CT and ultrasonography. 

AB18 Right lobe of liver, AB19 Callbladder, A20 
Round ligament of liver. AB21 Left lobe of liver, 
AB22 Spleen 
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Topographical Anatomy II 

Sectional Anatomy of the Upper 
Abdomen 

Modem imaging techniques are frequently 
used to diagnose abdominal disorders, par- 
ticularly those involving the upper abdomi¬ 
nal région. The standard imaging plane is the 
transverse plane. The following thus de- 
scribes three transverse sections through 
the upper abdomen and one through the 
lower abdomen. 

Transverse Section through the Body at 
T11/T12 

The first section is at the level of the inter¬ 
vertébral dise between Tll and T12. In the 
postérolatéral part of the abdomen the sec¬ 
tion cuts through the costodiaphragmatic 
recess (Al). The section through the dia¬ 
phragm (A2) is between the esophageal hia¬ 
tus and aortic hiatus. The aorta (A3) is thus 
depicted at the level of the thoracic part, i.e., 
before it passes through the diaphragm. The 
section cuts through the liver above the 
porta hepatis. The righf (A4) and left lobes of 
liver (A5), as well as the caudate lobe (A6), 
surrounding the inferior vena cava (A7) can 
be identified. In the connective tissue 
within the liver parenchyma the division of 
the hepatic portai vein into a right brartch 
(A8) and left branch (A9) can be identified. 
The section is through the stomach just 
below the opening of the esopftagus (A10), 
i.e., near the cardia (Ail). Behind the stom- 
ach the section cuts through the upper pôle 
of the spleen (A12). Between the stomach 
and spleen, the gastropft renie ligament (A13) 
can be identified. 

Transverse Section through the Body at 
T12 

The second transverse section is at the infe¬ 
rior border ofT12. It cuts through the infe¬ 
rior portion of the costodiaphragmatic recess 
(Bl) and is at the level of the passage of the 
aorta (B3) through the diaphragm. In this 
section, the superior part of the rétropéri¬ 
tonéal space on the right side of the body is 
occupied by the adrenal gland and on the 


left side by the adrenal gland (B14) and kid- 
ney (B15). 

The section cuts through the liver just above 
the porta hepatis and through the gallblad- 
der at the level of the neck of gallbladder 
(B16). Adjacent to this, the section cuts 
through the hepatic portai vein (B17) and 
the common hepatic artery (B18) on the 
other side of it. The origins of the common 
hepatic artery as well as the splenic artery 
(B19), arising from the celiac trunk (B20), 
can also be visualized. Due to the tortuous 
course of the splenic artery, it appears 
several times in this section. Near the celiac 
trunk are large lymph nodes (B21). The sec¬ 
tion cuts through the stomac/i near the body 
of stomach (B22). The mucosal structure ex- 
hibits the typical longitudinal folds. Behind 
the stomach and to its left, the spleen (B12) 
can be identified. The section cuts through 
the left colic flexure (B23) lying behind and 
between the stomach and spleen. This is not 
a typical position for the left colic flexure 
and is possibly an anatomical variation. 
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A Transverse section through body atTl 1 /Tl 2 



B Transverse section through body atTl 2 
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Sectional Anatomy of the Upper 
and Lower Abdomen 

Transverse Section through the Body at 
L1 

The section cuts through L1 at the level of 
the costal process (Al). Only the latéral part 
of the pleural cavity is visible at the narrow 
costodiaphragmatic recess (A2). In the rétro¬ 
péritonéal space on the right side of the 
body, the adrenalgland (A3) can be seen ad¬ 
jacent to the superior pôle ofkidney (A4). On 
the left side of the body, only the kidney (A4) 
is visible. Immediately adjacent to the right 
adrenal gland is the inferior vena cava (A5), 
and directly in front of the vertébral column 
is the aorta (A6). Of the liver (A7), only the 
right lobe of liver is visible. Nestled in the 
fossa of gallbladder on the right lobe is the 
gallbladder (A8). Directly adjacent to the 
gallbladder is the descending part of 
duodénum (A9). A section of the superior 
part (A10) is also visible, into which the 
stomach opens via the pyloric sphincter 
(Ail ). The anterior (A12) and posterior walls 
(AU) of the stomach are both visible. Behind 
the stomach the cavity constituting the 
omental bursa (A14) is easily identified. 
Lying on the posterior wall of the omental 
bursa is the pancréas (A15) with the unci- 
nate process (A16) projecting from it and 
surrounding the superior mesenteric artery 
(A17) and superior mesenteric vein (A18). 
Adjacent to these vessels, part of the course 
of the sp/enic vein (A19) can be traced. In 
this individual, the tail of pancréas (A20) 
does not reach the sp/enic hilum (A21). Be- 
tween the two organs, the left colic flexure 
(A22) can be observed. Anterior to the liver 
and stomach, the section is through the di- 
lated transverse colon (A23) which is con- 
nected with the stomach by the gasfroco/ic 
ligament (A24). 

Transverse Section through the Body at 
L3 

The transverse section is at the level of L3 
and shows the lower abdominal organs. 

On the right and left sides of the posterior 
abdominal wall, the section cuts through 


the psoas major (B25) and iliacus muscles 
(B26). Lying immediately in front of the 
vertébral column it cuts through the com- 
mon iliac veins (B27) and common iliac ar- 
teries (B28). In the rétropéritonéal space on 
the left side of the body, the section cuts 
through the descending colon (B29). The 
peritoneal cavity is mostly filled by loops of 
small intestine (B30) and mesenteries (B31). 
On the right side the section is through the 
distended cecum (B32). 

The layers of the anterior abdominal wall 
can be easily distinguished. On its latéral 
aspect are the external oblique muscle of the 
abdomen (B33), the internai oblique muscle 
of the abdomen (B34), and the transverse 
abdominal muscle (B35). Adjacent to the 
midline is the rectus abdominis (B36) and 
exactly in the center of the anterior abdomi¬ 
nal wall is the inferior border of the navel 
(B37). 
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1 A Transverse section through body at L1 
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B Transverse section through body at L3 
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Urinary System: OverView 


OverView 

The organs of the unnary and génital Sys¬ 
tems hâve traditionally been groupcd to- 
gether as the “urogénital System,“ a term 
that rcflects their common embryological 
origin but is less suitable for describing 
morphological and funaional aspects of 
mature organ Systems, This book therefore 
présents the organs of the urinary System 
and the male and female génital Systems 
m separate consecutive chapters. followed 
by a chapter companng the topographical 
anatomy of the male and female pelvcs 
which house rnost of the organs of the uri¬ 
nary and génital Systems, 

Organization and Position of the 
Urinary Organs 

The organs of the urinary System consist of 
the paired kidney* (A-CI), the paired rénal 
pelves (BC2;, the paired ureters (A-CJ), the 
unpaired urinary bladder (AB4|, and the 
urethra i A5). 

Functional arrangement, lhe organs of the 
urinary System can be divided into those 
that are mvolved in urine formation and 
those involved in its excrétion. Urine is pro- 
duced and contentrated in the kidney from 
an ultrafiltrate of blood plasma. It is col- 
Iccted by the rénal pelvis and transported 
into the ureter. which empties into the uri¬ 
nary bladder. There it is briefly stored before 
bcing excreted via the urethra. 

Régional arrangement. The organs of the 
urinary System lie outside of the peri¬ 
toneum lining the abdominal cavity. They 
are situated either in the rétropéritonéal 
space or in the connective tissue of the 
fesser pelvis known as the subpentoneal 
space fsee p, 2\ The kidneys and the larger. 
proximal part of the ureter are situated in the 
rétropéritonéal space while the distof part of 
the ureter. the urinary bladder. and the 
female urethra are locatcd in the subperi¬ 
toneal spJ«. The male urethra leaves the 
fesser pelvis after a short distance and then 
continues in the male sex organ. the pénis 


Rétropéritonéal Space 

The a'troperitoneal space fCJ lies in front of 
the vertébral column and behind the peri¬ 
toneal cavity. On either side of the vertébral 
column are muscles undrrlying cach kidney. 
Le., the quadratus lumborum : C6) and p^oas 
major (C7). Near these muscles is jn inden¬ 
tation alongside either side of the vertébral 
column a*ferred to as the lumbargutter The 
rétropéritonéal space is bounded superiorty 
by the diaphragm and is continuous inferi- 
oriy with the subperitoneal space of the 
fesser pelvis. Inflammation involvmg the 
rétropéritonéal space can spread via the 
musculor spore along the psoas major to the 
thigh. 

Organs in the rétropéritonéal space. In ad¬ 
dition to the organs of the urinary System, the 
rétropéritonéal space also contams the 
ad rénal glands (C8) the great vessels, Le-, the 
aorta (C9) and inferior wna cava (CIO), and thé 
sympathetic trunk (Cil). Rétropéritonéal or¬ 
gans are surrounded by toose ronneefive 
tissue and adipose hssuc 

for lopographrcai anatomy of the rrtioperirooeal 
space. see p 241 
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Urinary System: Kidney 


Kidney 

Cross Anatomy 

Extrrn.ïl Features 

The kidney may be divided into two sur¬ 
faces, an anterîor surface I A J and â posirrior 
surface i B>. as well as a wide superior pôle 
AB1) and contcal inferior pôle (AB2), The 
antenor and posterior surfaces are bnunded 
by Lhe convex latéral border i AB3). whkrh is 
continuons wtth the superior and inferior 
pôles, and a concave médial border A4) On 
the médial border is a dépréssion called the 
hilum of kidney : A5 1 which allows passage of 
vessels into and out of the organ and also 
houses the rénal pelvis. The hilum of the 
kidney (C) leads to the rénal sinus (Ci), a cav- 
ity surrounded on ail sfcdes by the parcn- 
chyma. 

An adult kidney is HM2cm long. 5-6cm 
wide, and 4 cm tluck. Fach kidney weighs 
120-300g, and the right kidney is usually 
smaller than the left. 

Rénal sinus. The rénal sinus can be visual- 
ized after removing the vessels, nerves. fat. 
and rénal pelvis. The buundary a round its 
entrante is formed by a lip-like indentation 
on the médial border, Projecling into the 
rénal sinus are pyramidal élévations called 
rénal papillae (C7), The human kidney has 
more than one papilla (5-12); it is multiple 
because it is dcvdoped from multiple kid¬ 
ney lobes that later nverge. Traces of the 
structure of tiw? multiple kidney lobes can 
still be identified {lobulated kidney) on the 
kidney of a newborn, 

Surface. In the adult, the surface of the kid- 
neys is usually smooth. It is covered by a 
tough fibrous capsule D8 i that contains col 
lagen fibers and isattaehed to the kidney by 
loose connective t issue. 


ttoned kidney is produoed by the organisa¬ 
tion of urimferous tabules and vesscH (see 
pp. 234-237), 

Rénal medulla. The rénal medulla is com- 
posed of conical rénal pyramids (D11) that 
appear pale and striated «n cross-section. 
The bases of the rénal pyramids (D12j are 
directed toward the surface of the kidney. 
The roundcd apices form the rena/ papillae 
• D13 : whirh proJect toward the hilum and 
into the rénal calices of the rénal pelvis. On 
its surface, earh rénal papilla bears a cn- 
bri/bnn area of numerous perforations pro- 
duced by the opemngs of püpillatyductsjhc 
opemngs of the uriniferous tabules. On 
doser inspection, a rénal pyramid can be 
futther subdivided into a reddish outerzone 
and a lighter inner zone 

Rénal cortex. The rénal cortex lies immedi- 
ately beneath the fibrous capsule. U is about 
1 cm wide and in the unmounted spçeimen 
lias a reddish brown colnr. It overlies the 
pyramids of the rénal medulla like a capsule 
between the latéral aspects of the rena! 
pyramids sendtng extensions called rénal 
cofcumns : 014 into the mterior of the organ 
Tlie rénal cortex is permeated by longitudi¬ 
nal striations known as medulbry rays ; D15 
which are continuations of the medullary 
substance radiating from the bases of the 
pyramids toward the capsule. The conical 
part containmg the medullary rays is knuwn 
as the cortex cortick, and the cortical sub¬ 
stance between the medullary rays is the 
cortical labynnth 

Kidney lobes. Each kidney lobe consiste of a 
rénal pyramid and it\ surrounding cortex (see 
alxjve). lndividu.il kidney lobes are bounded 
hy the rénal colunins. 


Internai Structure 

A cross-section or longitudinal section of 
the kidney reveals two distinct régions 
forming its internai structure: the rénal 
medulla 1 09 ) and the outer rénal cortex l D10). 
The macroscopie appearance of the sec- 



Cross Anatomy of Kidney 


233 



D Frontal SÇCtiOfl tftfojgfe riglit kidney 


Ufinary System 





Urinary System: Kidney 


Microscopie Anatomy 

The macroscopically distinct portions of the 
parenchyma of the kidney (sec p. 232) are 
produced by a charactcristw; pattern of dis¬ 
tribution of different structural units of the 
organ. These structural units include the 
numerous, densely packed uriniferous tubu- 
les, as well as blood msek and connective 
tksue contaimng nerves and lymphalie vessels, 

Uriniferous Tubules 

The urlniferous tubules consist of two com- 
ponents. a rvephron and colletting ducts, 
which hâve different embryological origins, 

Hach n-ephron, or basic functional unit of 
the kidney, consists of a rénal corpuscle and 
an associated rénal tubule which is a seg¬ 
ment of the urlniferous tubules. 

Rénal corpuscle (AI). Each rénal corpuscle 
consists of a cluster of capillanes called a 
glomerulus{A2j and a surrounding gtomeru- 
lar capsule! A3), 

Rénal tubule. Connected to the rénal cor¬ 
puscle is a continuous System of rénal 
tubules thaï may be divided into various 
segments. The rénal tubules begin with a 
proximal tubule which has a twisted part 
known as the proximal convoluted tubule 
(A4) and a straight part called theproxima/ 
stratgfu tubule fA5), Followmg the proximal 
tubule is the intermediate tubule, or thin 
tubule A6), which can be divided into the 
descending thin limb ïA6 a) and ascenduig 
f/un limb A6 bl The intermediate tubule is 
continuous with the distal tubule. consisting 
of a distof smjtgftr tubule (A7) followed by 
the distal convoluted tubule {A8 î. 

The tortuous segment of the distal tubule is 
connected by a junctional tubule iA9) with a 
collectingduct (AIO ; Fach collecting duct re 
ceives fluid front approximatcly 10 ne- 
phrons and emphes into a paplllary duct 
(Ail ) which opens on the tip of the papilla 

Intrarenal Blood Vessels 

The fonctions of the kidney rely closefy on 
the interaction between nephrons, collect¬ 
ing ducts, and intrarenal blood vessels. 


The rénal artery carries waste-laden blood 
to the kidneys. Ils branches, the interlobar 
arterks of kidney (A 12), pass between the 
rénal pyramids toward the cortex, becom- 
ing continuous with the arcuate arterks 
of kidney (A13) at the corticomedullary 
border, Springing from the arcuate arteries 
are numerous Interlobular arterks of kidney 
(A 14), These radiate toward the fibrous cap¬ 
sule and give off afferent gloroenilar artérioles 
i A15 ! thatfeed the capillary tufts iglomertili J 
(A2) of the rénal corpuseles. Blood flows 
from the glomeruli via the efferent glomeru- 
lararterioks A16) into the capillary network 
of the rénal cortex and via the interlobular 
veins (A17i, arcuate vans [A 18). and interlobar 
wins A19 j to the rénal vein The straight arte- 
rioks ^ A20) are branches of the efferent 
artérioles that radiate from the glomeruli 
near the rénal cortex down tnto the rénal 
medulla Ascendtng parallel to these are the 
straighl vrnules (A21) which transport blood 
via the anriinre veins to the mrer/obor veins. 
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Microscopie Anatomy of the 
Kidney, cont. 

Rénal Corpuscles 

Glomerulus (Al). The glomerulus forming 
the rénal corpuvcle consists of30*40capillary 
loops and is sttuated between an afferent 
glomenitQT artenolc (A2). kading to il, and 
an efferent glomentlar arteriotc (A3) drain* 
tng a. The afferent and efferent arteriotes lie 
in close proximtty to one another, forming 
the vascular pok A4) of the rénal corpuscle. 
Each glomerulus is surrounded by a dual* 
layered glomerular capsule. The infemo/ part 
[AS) lies adjacent to the captllary loops and 
the externat port or Bowtwjh capsule (A6) 
séparâtes the glomerulus from its surround* 
ings. The spate between the two layers, the 
capsular space, collects glomerular filtrate 
and conveys it via the urinary pôle mto the 
tubule System. 

Glomerular capillaries (B). The glomerular 
capillaries are composed of an endoihclium 
(B7 ). with evenly distnbuted fenestrations 
between the endothélial cells. and a continu- 
ous. tnpk-layrr basement membrane, the 
middle layer of whieh acts as a nvechamcal 
filter. The outer layer. fadng the capsular 
space, is covered by podocytes (A8). branch- 
ing cells with numerous processes. The long 
pnmary processes ( A9 ) of the podocytes give 
rtse to secondary or foot processes ihat inter- 
digitate hke fîngers with those of adjacent 
podocytes, leaving narrow gaps, or filt rotion 
siits , between them. 

Spécial connective tissue cells known as 
mesangial cells (intraglomerular mesangial 
cells) (B10) lie between the adjacent capil 
laries of a glomerulus. Mesangial cells also 
lie at the vascular pôle between the afferent 
artenolc and efferent artériole (extraglomer- 
ular mesangial cells) (Bit). The mesangial 
cells are part of the juxtaglomerularapparatus 
of the kidney which also includes the mac¬ 
ula densa (AB12) and polar cushion ( AB 13), 
The macula densa refers to spenalized 
épithélial cells lymg along the distal convo- 
luted tubule in places of contact with the 
vascular pôle. The polar cushion refers to the 
(granular) myoepithelial cells of the jux- 


taglomerular a pparatus in the preglomcru- 
lar part of the afferent artériole. Kenin and 
angtotensinase A hâve been dctected in 
polar cushion cells. 

Rénal Tubuks and Collecting Ducts (C) 

The walls of the rénal tuhules are lined by 
simple epithelium which varies by région 

The proximal tubule (C14 ms linecl by cuboidal 
épithélial cells with a high brush border as 
well as mfoldings of the cell membrane at 
the base of the cell and abundant mitochon- 
dha. 

The intermediate tubule (C15) is lined by flat- 
tened épithélial cells with short microvllli. 

The distal tubule (CI6' lias tall low cuboidal 
cells with basal striations. The cells are 
somewhat flatter than those of the proximal 
tubule and hâve only short microvilli Pro¬ 
ject ing from them, 

The collecting ducts (07) are composed of 
about /► of pak stainmg épithélial cells 
with distinct cell bordées and 7< of dark- 
stainmg întercalated cells. The épithélial 
cells llning the collecting ducts hecome pro- 
gressively flatter as the duct progresses 
toward the papillae 

Fu netùm «f the kidney*. The rénal corpuscles 
form the filter lhat daily "squeezes" t80 hters of 
ultrafiltratr (primary urine) out of the blood. Of 
these. I78liters are reabsorbed in the tubule Sys¬ 
tem. and L5-21ilers of final urine (secondary 
urine) are formetl per day. Urine ri excreied by the 
exortocy organe The juxtaglomerular apparalus 
functions as part of lhe renm angioicnsin System 
involved in blood pressure régulation 
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Urinary System: Kidney 


Neurovascular Suppiy and Lymphatic 
Drainage 

Arteries. Waste substances are carried to 
the kidncys by the rénal artery (Al). The ng/ir 
rena/ artery sprtngs from the abdominal 
aorta f A2] at the level of Lt. In most pcople, 
the left rénal artery arises at a short distance 
above it. The left rénal artery is usually 
shorter than the nght rénal artery. The pri- 
mary intrarenaJ branches of the two main 
arteries are end arteries and suppiy spécifie 
régions of the parenchyma. These régions 
may be classified as rénal segments: the supe- 
rior segment, anterior superior segment, 
anterior mfenor segment, inferior segment. 
and the postenor segment. Civen the com- 
plex nature of kidney development, these 
segments may vary considerably. anoma- 
lies in the course of the rénal artery also 
occur. 

Veins. Venous drainage from the kidney is 
via the rénal vein (AC3). The right rénal vein 
is short and has a straight course while the 
path of the left rénal vein is longer and curv- 
ing. During ils course it rcceives the left su- 
praretial vein and the left testicular vein or 
left ovarian vein . 

Nerves. Autonomie fibers to the kidneys 
arise from the rénal nerve plexus which ac- 
compames the rénal artery and is mainly 
formed by fibers from the adjacent cehac 
plexus. 

Régional lymph nodes. Lymph from the 
ktdneys drains to the latéral aortic nodes, 

Topography of the Kidneys 

Position. The kidneys lie on either side of 
the vertébral column in the lumbar groove. 
Their long axes are directed upward and 
backward so that if an imaginary line is 
drawn as a continuation from each axis, 
these lines would intersect. The superior pôle 
lies at the level ofTf2.andtheinferiorpoleat 
the level of the L3. The hilum of kidney is lo~ 
cated at the level of Tl. The right kidney 
usually lies about half a vertebra lower than 
the left kidney. The position of the kidneys 
varies with respiration and posture. Poste* 


rior to tiw kidney. tiw I2th nb (A4) passes 
diagonally over the boundary between the 
upper and middle thirds of the organ. Cross¬ 
ing over the kidney nearly parallel to the 
I2th nb in a craniocaudal direction are the 
subcostal nerve (AS), i/iohypqgosfrïc nerve 
A6), and ifiohigiiiitaf nerve. 

Adjacent organ* and vessels. Lying anten- 
orly on the superior pôles of the kidneys are 
tlie suprarenal/adrenal glands (A7), The 
anterior surface of the right kidney is in con¬ 
tact with the liver and right co/ic flexure; 
near the hilum of the right kidney are the In- 
ferior venu cava (A8 and duodénum. The 
an ténor surface of the left kidney is in con¬ 
tact with the sromadi. pamreas, and left 
colkflexure; the aorta runs near the hilunrç 
of tiw left kidney. 

A9 Uretrr 

Capsules of the Kidney 

The capsules enclosing the kidney are im¬ 
portant for fixing the organ in position. They 
consist of a pouch known as the rénal fascia 
(B10 and a péri rénal fat capsule (BC 11 J.Tbe 
fasrial pouch is composed of a thin anterior 
loyer and a tough postenor layer. The two 
layers are connected with each other at 
their superior and latéral borders and sur- 
round the kidney. adrenal gland, and per- 
irenal fat capsule. The mrdtal side of the fas¬ 
cial pouch is open, and its rnjerior side is 
only dosed by adipose tissue. The volume of 
the péri rénal fat capsule varies dépend ing on 
the indtvtdual nutntional status; with ex¬ 
trême émaciation it may even be absent. 
Loss of the péri rénal fat capsule can resuit m 
mobility of the kidney which may descend 
toward the pelvis. an abnormal condition 
known as floating kidney 

Clinlcal note. Anal omit variations and rénal 
anomalie* are cnmmon Commun .vbnormali- 
tics iorlude lhe présente of exira kidneys. kid¬ 
ney displatemcni, kidney fusion, and horse- 
sboe kidneys. 
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Urinary System: Excretory Organs 


Excretory Organs 

Rénal Pelvis and Ureter 
Crois Anatomy 

Rénal pelvts and calices (A). The rénal pelvis 
tABI ) is a réservoir for the collection of 
urine formed by thc union of the 8* 10 rénal 
calices (A2j that cmpty into it. JMinor calices 
l A2 a) are small. trumpet-shaped rénal cal 
ices that surround one (or occasionally two 
or three) rénal papilla. They give rise to the 
2-3 major calices (A2 b) which open mio the 
rénal pelvis. 

The shape of the rénal pctonii varies ( A) m cnrding to 
the branchmg pattern of the rénal calices. If the 
minor calices consistently open into major cal 
Kes, the rénal pelvis is of the branchmg type, if the 
minor calices ahoopendirectly into the rénal pci- 
vis, forming a wtdened sjdike rénal pelvis. it i$ 
considered an ampullary type The volume of the 
rénal pelvis vs 3-8 ml, 

Ureter (B3). The ureter is a slightly fiat 
tened, thkrk-walled tube that connects the 
rénal pelvts with the unnary bladder. It is 
25-30cm long and is divided tnto two parts 
based on its course: an abdominal part i B3 a) 
and a pelvicpart (B3 b), lis terminal part fol- 
Iows an oblique course in the wall of the uri¬ 
nary bladder and is known as the intramural 
part. 

B4 Kidney. B5 Milum of kidney. Hfi Rénal artery. 
B7 Rénal vein B« Aorta. R9 Infenor vena cava, B10 
Ovarian artery. B11 Internai iliac artery. B12 
Uteone artery 

Microanatomy, The wall of the rénal pelvis b 
thin, whiVe that of thc ureter is very thkk In 
cross-section the ureter has a star shapcd lumen 
C The walls of boi h orgam are composed of 
three layers the tmirma f Cl 3) consiste of the tran 
wtional epithelium, or wrorhe/ium, thaï is iharai- 
teristlc of thr unnary excretory ducts and a layer 
of foose connective ti«ue The urothelium consista 
of 5-7 foyers of cetls and can adapt to the amount 
of distention of the ureter by altenng thc heîght 
and number of cell layers lhe r/nckenrd aptcal 
membrane in the top layer of the cells that are vis¬ 
ible m Ught microscopy protects the epithélial 
surface from hypertonie uiiiw. In lhe rénal |H*lvis 
the muscular layer consists of an mner fongnudinaf 
foyer and an ouierarcular layer The muscle fibro 
are interwoven to form structures resembfmg 
sphincters in the calices and at the junction «f the 


ren.iJ pdvis with the ureter The ureter posasses 
an especially strong mimular layer (04 . As it 
pfoeeeds toward the unnary bladder. it is aug- 
mented by a fhird outer Jongifudina/ layer of 
musefe. The foose connective tissue of the adventUia 
(05) emfwpds the rénal pelvis and ureter in their 
MirroundingSs The connective tissue of the rénal 
pelvis. which contants abondant blood vcssels 
and nervrs. Jvo contams smooth muscle celh 
that contrai its détention 

Neurovascular Supply and lymphatic 
Drainage 

Tiw? vcssels of the rénal pelvis (B) anse from 
the rénal artery and vein (BG, B7). Lymphatic 
drainage corresponds to that of the kidneys. 
The rénal pelvts reçoives sensory innerva¬ 
tion and hcncc its distention ts painful. 

Tiw ureter is suppUed by branches from the 
large surroundtng arteries: the relia/ artery 
(B6). fesficiifar arfery or ovarian artery 
(B 10). internai pudendal artery. and superior 
vésical artery. The artenes arc accompanted 
by veins of the sa me name. Lymph drains to 
the lumbar nodes. Autonomie innervation is 
by the splanchnic nerves. 

Topography of the Rénal Pelvis and the 
Abdominal Part of the Ureter 

The greater part of the rénal pelvis (A) lies 
hidden in the rénal sinus. 

The abdominal part of the ureter bcgins at its 
exit from the rénal pelvis with thc first point 
of constriction of the ureter. The ureter tben 
proceeds caudally to the medtal side of the 
psoas major (B1G) where it liesbetween the 
muscle facta (postertor to it) and the peri¬ 
toneum (covenng its antenor aspect). 
During its course, the path of the ureter is 
crosscd over by the testicular or ovarian 
vein 810\ and the ureter itself crosses over 
thc genitofemoral nerve, It enters the lesser 
pelvis at the levH of the common iltac vcs¬ 
sels or extemal iliac vessek This is thc sue 
of the second poînl of constriction of the ureter 
( sec also Topography of the Pelvic Part of the 
Ureter. p. 244). 
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Urinary System: Excretory Organs 


Urinary Bladder 

The urinary bladder (Al) is a bollow, 
muscular organ whosc size varws with the 
amount of contained urine. It is located be- 
hmd thé pubis (A2) in the subpcritoneal 
connective tissue of the lesser pclvis. 

Parts of urinary bladder. The body of bladder 
(AB3) constttutes the largest part of the 
organ. It is contmuous anterosuperiorly 
with the apex of bladder (AB4j. The apex 
gives attachment to the obliterated urachus 
whit h passes in the médian umbilical liga- 
menr (ABS) (see p. 188) to the navel. Open- 
mg into the latéral and posterior aspects of 
the fundus of bladder (A6), which empties 
posteriorly and infcriorly, are the ureters 
(B7 ). The neck of bladder ( B8 1 is continuons 
anteriorly with the urethra (AB9). 

As the urinary bladder cmpties. the apex of the 
bladder and upper portion of the wall descend 
and the organ becomes bowl-shaped As it fllls, 
ihc apex and wall are drawn forward and upward 
tn form an ovoid shape Dcpending on ihe 
amount of its commis, the urinary bladder can 
extend as far as the superwr border of the pubic 
symphysis. The capacity of the urinary bladder » 
normaUy about 500ml: lhe urge to vtxd cxeurs ai 
about 300ml, Il is possible, however. volimtanly 
to retam larger amounts of urine. 

Internai surface (C). The mrwr surface of 
the urinary bladder is a pale red in color. 
Two parts can be identified: throughout 
most of the urinary bladder the mucosa 
contains folds due to its mobihty against the 
underlying muscular layer. When the blad¬ 
der is very full, the folds disappear The tri- 
angular région formed on the fundus of tlie 
bladder, which is bounded by the two opcn- 
ings of the ureters known as the ureteric ori¬ 
fices (CD 10) and the exit of the urethra 
called the internai uréthral orifice (Cil), is 
known as the trigone of bladder CD12). The 
mucosa of the trigone of tiw bladder is fiat; 
it is firmly attached to the underlying 
muscular layer and thus does not contain 
folds. In the male, the uvulao/bladder( DI 31, 
a conical élévation produced by the under* 
Iying prostate, projects into the internai 
uréthral orifice. 


Microanatomy. The walls of the urinary 
bladder are made up of three layers. The 
mucosa consists of fransifional epithelium 
(urmhclium) overlying loose connective 
tissue (lamina prvpna) which is absent at 
the trigone of the bladder. Most of the 
muscular layer is made up of three distinct 
layers that are collectively known as the 
defrusor muscle. At the trigone of the blad¬ 
der. the muscular layer constitutes a con¬ 
tinuation of the muscular layer of the ureter 
and thus consists of only two layers. At the 
openings of the ureters into the bladder. the 
smooth muscle is organized in a compte* 
circuler arrangement. The wrosa, which is 
æcompamed by connective tissue of the 
subscrosa, covers the supenor surface of the 
unnary bladder and the portion of the posr 
ténor surface above the trigone of the blad¬ 
der. 

Neurovascular Supply and Lymphatic 
Drainage 

Arteries. The urinary bladder is nounshed 
by branches from the internai iliac artery i.e., 
the superior vésical arfery (*- umbilical 
artery) and infenor vésical artery . 

Veins. The vésical venous plexus which sur¬ 
rounds the fundus of the bladder, collects 
blood from the unnary bladder. and usualiy 
empties directly into the infernal iliac veins. 

Nerves. Sinular to the intestine, innervation 
of the urinary bladder is divided into extrin- 
sk and intrinsic nervous Systems i Le., inside 
and outside of tiw wall of tiw urinary blad¬ 
der). Parasympathetk fibers of the extrmsic 
system arise from S2 -S4 and art to constrict 
the detrusor (mictuntion). Sympatheiic Li¬ 
bers supply the smooth muscle of the vesse) 
walls and presumably cause contraction of 
the muscle around tiw neck of the bladder 
and the upper portion ofthe urethra. 

Régional lymph nodes. Lymph flows in 
va nous directions from the urinary bladder; 
the extemal iliac nodes colkct lymph from 
the upper and latéral portions of the wall; 
internai iliac nodes collect lymph from the 
fundus and the trigone of the bladder. 
Lymph from the anterior wall ol the unnary 
bladder also ultimately drains to the inter¬ 
nai iliac nodes. 
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Female Urethra 

The female urethra (Al) is very short, only 
3-5cm. and lies behind the pubu symphy¬ 
sis (A2). It begins at the internai uréthral ori¬ 
fice (A3 ) and passes upward in an anteriorly 
concave curvature in close proxinnty to the 
anterior wall of the vagina (A4). It ends at a 
longitudinal slit, i.e, the extemal uréthral ori- 
ficet A5) in the vestibule of vagina 2-3 cm be¬ 
hind the glans of clitoris ( A6). 

Microscopie Anatomy 

The walls of the urethra consist of a mucosa 
that lies in longitudinal folds and is lined by 
transitional epithelium resting on a highly 
vascularizcd /amina propha or spongy loyer 
that contains abondant veins and glands 
(uréthral glands): and a muscular layer that is 
denved from the muscular layerof the walls 
of the urinary bladdcr and is arranged in an 
inner longitudinal loyer and an orner rirru/ar 
loyer. 

The urethra is surrounded by the extemal 
uréthral sphincter, a circular arrangement of 
striated muscle that forms a type of loop of 
libers that is open posteriorly and extends 
as far as the neck of the bladder. 

The male urcihra is discussed on p. 262, 

Fonction crf lhe exrretory organs. Urine expelled 
from the rénal papilla* w firsi colletied in the 
rénal calices and ihen conveyed 10 ihe rénal pehffc 
After reaching a certain volume, ihe urine is 
ejected mio lire ureter by rapid movements. Once 
m the ureier. penstalnc waves iranspori ihc urine 
distally and empiy it in portions into ihc urinary 
bladder When the urinary bladder is filled io in- 
divlduat) caparity, snmuli mrdiatrd by lhe 
nervous System inïtiate its empiying. or mkiuri- 
tion (urination). 

Topography of the Excretory 
Organs 

Female pelvis. After exiting the rénal pelvis 
{first point of constrictkm of the ureter) and 
completing its mtra-abdominal course (see 
p 241 B), the ureter enter* the lesser pelvis 
in front of the sacroiliac joint, the nght ure¬ 
ter at the levelofthe bifurcation of the com- 
mon ilîac artery (B7) and the left ureter at 


the level of the extemal iliac artery. This is 
the site of the second point of constridion of 
the ureter. In the female lesser pelvis. the 
ureter runs superficialiy along the latéral 
wall of the pelvis immedutely underneath 
the peritoneum. At about the level of the 
ischial spme it leaves the latéral wall of the 
pelvis and runs in the baseof the bioad liga¬ 
ment of the utérus (B8), coursing medially 
and anteriorly. U crosses under the utérine 
artery (B9) and, at a variable distance from 
the vagina, reaches the postérolatéral wall 
of the urinary bladder whtch it pénétrâtes 
diagonally from postérolatéral to antero- 
medial. Tins intramural part of the ureter is 
approximately 2 cm long and forms the third 
point of constridion of the ureter. 

The urinary bladder ABtO) lies m the sub- 
pentoneal connective tissue behind the 
pubic symphysis. The retropubic space (Ail ), 
a région of loose connective t issue, lies in 
front of it. The retropubic space extends be- 
tween the anterior abdominal wall and the 
peritoneum as far as the navel and permit* 
movement of the urinary bladder as U 
swells upward durmg filling. The superior 
part of the urinary bladdcr is covered by 
peritoneum; its inferopostenor surface is 
fïrmly attached to tlie surrounding struc¬ 
tures. 

The female urethra lies between the pubic 
symphysis and the antenor wall ol the 
vagina (A41 

Male pelvis. In the lesser pelvis of the male 
t see p 255 B the ureter also passes mimedi- 
atdy beneath the peritoneum along ihe 
latéral wall of the pelvis. It reaches the post¬ 
érolatéral wall of the urinary bladder at a 
point above the séminal vesicle. Crossing 
below the ductus déferons. 

ClinkaJ note. Kidney can get stuck near 
the constricted parts ol the ureter. 

A duplicaticMi of ureters otcurs in about 2% of 
the population; ureter duplex • double ureier; 
ureier Tissus * bifid ureier 
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Female Urethra 

The female urethra (Al ) is very short, only 
3-5cm, and lies behind the pubic symphy- 
sis (A2). It begins al lhe internai uréthral ori¬ 
fice (A31 and passes upward in an antenorly 
concave curvature fn close proximity to the 
anterior wall of the vagina (A4Ut ends at a 
longitudinal slit. i.e. thr extemal uréthral ori¬ 
fice ( A5 J in the vestibule of vagina 2-3 cm be- 
hind the glans of clitoris (A6). 

Microscopie Anatomy 

The walls of the urethra consrst of a mucosa 
that lies in longitudinal folds and is lined by 
transitional epithelium resting on a higlily 
vascularized /amino propria or spongy loyer 
that contains abundant veins and glands 
(uréthralglands); and a muscular layer that is 
derived from the muscular layer of the walls 
of the urinary bladder and ts arranged in an 
mner /ongitudino/ loyer and an oufer arcular 
loyer. 

The urethra is surroundcd by the extemal 
uréthral sphincter, a circular arrangement of 
striated muscle that forms a type of loop of 
fibers that is open posteriorly and extends 
as far as the neek of the bladder. 

The mak? urethra is discu&sed on p. 262. 

Function of the excretory organe Urine expelled 
from the rénal papillae is first collected m the 
mial calice* and then conveyrd to thr rnul pelvt* 
After rcaching a certain volume, the urine is 
ejected mto the ureter by rapid movementv Once 
m the ureter, peristaltic waves transport the urine 
dKtally and empty it tn portions into the urinary 
bUddrr When the urinary bladder is filled to (m 
dividual) caparity, stimuli mediated by the 
nervous system mitiate iis emptying. or micturi* 
tk>n (urination). 

Topography of the Excretory 
Organs 

Female pelvis. After exiting the rénal pelvis 
(first point of constriction of the ureter) and 
completmg its intra-abdominal course (see 
p. 241 B), the ureter enters the lesser pelvis 
in front of the sacroiliac joint. the right ure¬ 
ter at the level of the bifurcation of the corn- 
mon iliac artery (B7) and the left ureter at 


the level of the exteinal iliac artery. This is 
the site of the second point of constriction of 
the ureter. In the female lesser pelvis. the 
ureter runs superficially along the latéral 
wall of the pelvis immediately underneatb 
the peritoneum. At about the level of the 
ischial spine it leaves the latéral wall of the 
pelvis and runs In the base of the broad liga¬ 
ment of the utérus (BS), coursing medially 
and anteriorly. It crosses under the uterine 
artery ( B9) and. at a variable distance from 
the vagina, reaches the postérolatéral wall 
of the urinary bladder which it pénétrâtes 
diagonally from postérolatéral to antero* 
médial. This intramural part of the ureter i$ 
approximately 2 cm long and forms the third 
point of constriction of the ureter 

The urinary bladder (AB 10j* lies m the sub 
peritoneal connective tissue behind the 
pubic syniphysis. The retropubicspace (Alix, 
a région of loose connective t issue, lies tn 
front of it flie retropubic space extends be- 
tween the anterior abdominal wall and the 
peritoneum as far as tiw navel and permits 
niovement of the urinary bladder as it 
swells upward during filling. The supcrior 
part of the urinary bladder is covered by 
peritoneum: its inferoposterior surface is 
firmly attarhed to tiw stirrounding struc¬ 
tures. 

Tiw feinale urethra lies between the pubic 
symphysîs jnd the anterior wall of the 
vagina (A4). 

Male pelvis. In the lesser pelvis af the nule 
(see p. 255 B) the ureter also passes tmmcdi- 
ately beneath the peritoneum along the 
latéral wall of the pelvis. It reaches the post¬ 
érolatéral wall of the unnary bladder at a 
point above the séminal vesule. Crossing 
below the ductus déférons, 

CJinkal note, kidnry sïôiws can get siuck neaf 
the lunstm ted parts of ihr ureter 
A duplication of uroters occurs in about 21 of 
the population ureter duplex - double ureter: 
ureter fissus - bifid ureier 
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OverView 

Male Reproductive Organs 

The organs of the maie génital System can 
be divided topographkally and develop- 
mentally ïmo internai and external géni¬ 
tal ia. 

The internai génital la consist of the fesfis 
{Al ), epidtdymis (A2j. diirfus deferens (A3), 
and accessory sex glands, i.e„ the prostate 
(A4), séminal vesicle / semirm/ gland (A5), 
and bu/bo-uret/iro/ gland (Cowper's glands } 
(A6X 

The external male génital ia indude the pénis 
(A7), scrotum ( A8). and (unies of the testes. 

The internai gemtalia anse above the pelvic 
floor from the urogénital ridge, while the 
external gemtalia are derived from the uro¬ 
génital sinus below the pelvic floor. 

Function. The male germ cells, or spermato* 
zoa. are produced in the test» and trans- 
ported through a System of small canals to 
the epididymis where they mature. Mature 
spermatozoa are conveyed by the spermatk 
cord to the male urtthra through which they 
can leave the body cavity, As they travel 
through the séminal duct the germ cells are 
mixed with sécrétions from the accessory sex 
glands 

Peritoneal Relations of the Male Pelvis 

The peritoneal cavity extends over the linea 
terminais into the pelvic cavity. The pariétal 
peritoneum continues a long the wall of the 
lesser pelvis, covering the pelvic viscera 
projecting from it: it reflects from the onte- 
rior obdamina/ wall onto the apex of bladder 
{ AB9) and covers the entirc superior surface 
(AB10) of the urinary bladder Lxtending 
caudally and laterally the peritoneum 
passes to the level of the union of the ure- 
ters with the urinary bladder. The upper 
portions of the séminal vesicles extend along 
the posterior surface of tire urinary bladder 
up to the level of the opemngs of the ureters 
or higher and are usually covered by pariétal 
peritoneum. The ductus deferens is likewise 
covered by peritoneum up to îts terminal 
portion, the ampulla of ductus deferens. Oc- 


casionally, the peritoneum passes even; 
deeper to cover a part of the prosfûfe. It doe$; 
not cover the fundus of the urinary bladderi 
but rat hcr forms the rectovesical pouch (Bllji 
a peritoneal reflcction from the posrerior 
wall of the unnary bladder onto the anferior 
wall of the rectum ( B12). In the maie, the rec-! 
tovcsical pouch is the lowest point in the 
abdominal cavity. On either side it « 
boundcd by a fold known as the recfovesicoÉ 
fold. The subserosal connective tissue of the 
rectovesical fold contains the autonomie 
nerves of the inferior hypogastric nerw. 
plexus, Whcn the urinary bladder is full. i 
peritoneal fold is also produced betweert 
the antenor abdominal wall and the apex of 
the bladder. 

B13 Peritoneal fold produced by ureter 

Ûlnkal note. In patients with urinary rrtcntiofl 
the distended urinary bladder can be pune- 
lured just above the border of the pelvic sym- 
physis without injunng the peritoneum or 
opening lhe abdominal cavity. 



A Male genitalia. scbematK 
drawing 



B MaW» pdvk orgam, 
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Testis and Epididymis 

Cross Anatomy 

Testes. The paired male gonads are the sife 
of sperm production and are lorated outstde 
of the body cavtry in the scrotum. Each testis 
is an egg-shaped organ with a firm, elastic 
consistency, measunng 4-5 cm in length 
and 3 cm atross. The left testis ts usually 
somewhat larger than the right. Each testis 
has a superior pôle f Al ) and an inferior pôle 
(A2). The testis is flattened on tts sides and 
lias a latéral surface (A3) and a médial surface 
(A4) which are cominuous at the narrow, 
anterior border f ABS | and the wtde, posterior 
border iA6). The testes lie obliquely in the 
scrotum with thetr superror potes directed 
anterolaterally and their inferior pôles post- 
eromedially. Investing each testts ts a thick. 
white connective tissue capsule callcd the 
tunica albuginea At the superior pôle h a 
remnant of the embryonic müllerian dua 
known as the appendix of testis ( B7 ). 

Epididymis (AB8). Resting like a tail on the 
posterior surface of each of the testes is the 
epididymis. It consists of three parts: the 
head of epididymis (A8 a ) is thaï part that pro 
jects above the superior pôle of the testis 
while the body of epididymis i AS b) and the 
tail of epididymis (AS c) are completely in 
contact with the testis. Each epididymis has 
its own connective tissue capsule, which is 
distinct from that of the tunica albuginea of 
the testts and surrounds the roughly 5 m 
long, tightly coiled duct of epididymis (AB9 i 
Near the head of the epididymis is tiw? ap¬ 
pendix of epididymis (C101, a remnant of the 
roesoncp/iros, 

Coverings of testis and epididymis. The 
testes first develop in the abdominal cavtty 
and later descend during fêtai development 
into the scrotum {descensus testis). As it 
travels from the abdominal cavity through 
the inguinal canal, the testis pénétrâtes the 
layers of the abdominal wall (see Vol I. p. 
96), forming the processus vaginalis testis a 
peritoneal divertkulum which guides it into 
the scrotum. After birth, most of the proces¬ 
sus vaginalis testis ts obhterated. Only tts 
caudal end romains, forming the tunica vagi¬ 


nalis of testis i Cil Ea closed serons sheath that; 
envelops the testis and epididymis. The 
viscéral layer iepiorchium) lies on top of the 
tunica albuginea and covers those parts of 
the testis that are not covered by the épi¬ 
didymite. It also covers most of the epididy* 
mis and reflects onto the pariétal layer (p*« 
riorchium) at tin? exit site of the spermatk 
cord. Between the testis and epididymis isa 
narrow space called the sinus of epididymis 
(02) which is bounded cramally araf 
caudally by peritoneal folds known as the 
superior and inferior ligaments of epididymis] 
Al 3). The epiorthium and periorchium are 
separated by a flutd-filled secous pocket 
Lying on the external surface of the parietaf 
layer of the tunica vaginalis is îhe internai 
spermatic fascia i C14). a continuation of the 
transversalis fascia The internai spermatk 
fascia is covered by fibers from the 
cremaster (05) that make tip the cremas- 
teric fascia. an expansion of the internai ob¬ 
lique muscle of the abdomen. The external 
spermatic fascia (06) is denved from an 
outer layer of fascia of the abdominal wall, 
i.e. f the fascia of the external oblique musde 
of the abdomen, and forms the outer fasciai 
sheath endosing the testis. epididymis. and 
spermatk: cord. 

The testis. epididymis. and their coverings 
are contamed in the scrotum (07). The thin 
sktn of the scrotum is confirmons ivifh rhe 
skin of the abdomen and i$ heavily pig- 
mented, covered with haïr, and contams se- 
baceous glands. The subeutaneous tissue is 
devoid of fat. Consistmg of connective tissue 
and smoot h musc le cells, it is thus known as 
the dartos fascia The scrotum is divuled tnto 
two parts by tiw connective tissue septum of 
scrotum Its outer surface is marked by the 
rapbr of scrotum, a line in the skin that ex- 
tends to the perineum. 

Cllnkal note. The trsus shtnild bc fuîfy de- 
scended into the scrotum at the unie of birth 
i sign of maturity in the male newborn). 
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Microscopie Anatomy 

Tissue Framework of the testis and epi¬ 
didymis. The tunica albugînea sends nume- 
rous sepia testis {AB1 ) into the intcrior of the 
organ. dividing the parenchyma into 200- 
300 conical lobules of testis (A2) and con- 
verging to form the mediastinum testis (A3). 
Bach lobule contai ns several seminiferous 
tubules. or convoluted seminiferous tu bu les 
(B4). These continue into the siraig/it 
tubules (B5) which in turn are continuous 
with a network of tubules in the medi- 
astinum testis known as the rete testis (B6). 
The rete testis is connected by efferent duc* 
tules (AB7) with the duct of the epididymis 
(B8). Each effertmt ductule is about 20cm 
long and is coiled to form a conical. 2cm 
long lobule of epididymis whose apex is 
directed toward the rete testis and whose 
base faces the duct of epididymis. 

Seminferous tubules (C). The seminiferous 
tubules are surrounded by loose connective 
tissue called interstitiel tissue (C9) which 
contams testosterone-producing. intersti- 
tial cells known as Leydig cefls (see p. 356). A 
thin layer of myofibroblasts and fibroblaste 
(CIO) immediately surround the seminifer¬ 
ous tubules. The tubules are Imed by germi¬ 
nal epithelium which is composed of sper- 
motpgenic cells and support ing Serto/i cells . 

Spermatogeneslv Spermatozoa develop in the 
germinal epithelium tDj in a multistage process, 
ansing from stem cells called spermatogonia 

Spermatogonia. which lie along the basement 
membrane, can be classlftcd into two types. Type 
A spermarogoma are stem cells that are either 
resting or undergoing mitotit division to form 
more stem cells. Type B spermatogonia (011 j can 
bc considered preewsor cells of the spermatozoa. 
i.e. they are mvolved in meiosts and subséquent 
différentiation processes, throughout which they 
remain connected by bridges of cytoplasm. 

Mitotic division of type B spermatogonia gives 
rise to primary spermatocytes ('012 J After duplicat 
ing their DNA content (to become 4n DNA), they 
enter the va nous stages of prophase of the fîrst 
meiotK division. The meiotK prophase lasts up to 
24 days and results in the recombmation of 
genctic iratcna! In hutological préparations, pn- 
mary spermatocytes can be identifïed by their 


large size. The remaming stages of the first tm 
otic division occur rapidly. at the conclusion ot 
whKh two secondary spermatocyte* f D13J {2n DNA] 
are formed. In the second meiotie division dtt j 
secondary spermatocytes divide to form sper- 
matids (014). Spermatids are the smallest rdkjÿ] 
the germinal epithelium. They contain only a | 
single set of chromosomes {22 autosomes and I 
sex chromosome. 1 n DNA). They lie in bunthem ‘ 
the tipv o* the Sertoli cells (DIS) from where tJNf « 
are secreted into the adluminal compartmenul 
the seminiferous tubule (see bekiw). After a loqg 
process of maturation eonsisting of nudear cutn 1 
densation and atrosome and flagella formai!», J 
the spermatids give me to sprrmatozoa capable d 
fertllization (D16] which are released from the ger* 
minai epithelium in the final phase of vpcmrifrl 
genrsés(F). 

Spermato/oa. The mature spermatozooti 
( F) is about 60 pm long and consists of a head 
(F17)and atail(F18). The tail can be further 
divided into a neck (F18 a), a middle piecr 
(F 18 b), a principal piece (F18 c), and an end 
piece. The head is characterized by the pre* 
ence of a dense nuc/eus ( F19) surrounded by 
a cap called an ocrosome (F20) which ton- 
tains important substances for penetratïng 
theeggcell. 

Sertoli cells (D15). The Sertoli cells rest 
on the basement membrane with tbetr 
processes projecting into the lumen of the 
seminiferous tubules. Their basal portions 
are interconnected by nu mérous cell june- 
tions, forming the blood-testis barrier whKh 
divides the germinal epithelium into a basal 
compartiment and an adluminal compartment 
The germ cells travel through the intercelîu- 
lar spaces between the cell junctions of the 
Sertoli cells as they stowly move toward the 
lumen of the seminiferous tubule. They are 
nourished by the Sertoli cells which also 
secretea fluid that transports the spermato* 
zoa into the epididymis. 
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A Section through testis with intact epididymis 
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Microscopie Anatomy, cont. 

Rete testis, efferent ductules, and duct of 
epididymis. In histological sections of the 
testis and epididymis A), the rete testis 
(Al ) can be identified by its location in the 
mediastinum testis. The rete testis <B) is a 
System of canals lined by simple Kp/amous 
or cuboidal epithelium from which 12-20 
efferent ductules ( A2 lead to the duct of the 
epididymis (A3 i The efferent ductules (C ) are 
Imed by psriidosfrwi/ïed epit/re/mm with 
cells of variable height . Their star ^hapcd 
lumen is lined by alternating segments of 
columnar cells and flattened cells. The Hat 
épithélial cells are absorptive. while the 
columnar cells possess Wnon/ia for trans- 
porting sperm. Throughout the duct of epi¬ 
didymis (D) the epithelium is iTiaractrrized 
by pscudostrattfwd tall columnar epithélial 
cells that hâve stereocilia. The epithelium of 
the duct of the epididymis produces a sécré¬ 
tion that assists in maturation of the sper- 
matozoa. The walls of the duct of the epi¬ 
didymis are formée! by a few layers of 
smooth musde cells. 

Fonction of testis and epididymis. The 
production of spermatozoa in the semimfer- 
ous tubules of the testis lasts about 74days. 
Movement through the epididymis takes an 
additional 8-17days. There the spermato¬ 
zoa undergo a maturation procès* at the end 
of which they are capable of fertîlization. 
The epididymis also serves as a siorage site 
for mature spermatozoa. The endocrine and 
paracrine processes necessary for spor- 
matogenesis are discussed in the chapter on 
the endocrine System (see p. 356). 

Hormonal régulation and suitable température, 
at least 2 C below body température, are es- 
sential to the development of mature 
sperm. 

Thesizeof the testes steadily increases du ring 
childhood. reaching its maximum between 
the âges of 20 and 30. In older âge. the testes 
shrink. In the male child. the seminiferous 
tubules of the testis consist of cords of 
épithélial cells without lumen, coniaining 
only Sertoli cells and spermatogonia. Sper- 
matogenesis. which commences du ring 


puberty. normally continues into advanced 
âge. 

Olnkal note. The higher températures in in¬ 
guinal lesicv cnmpared tn testes that have de- 
scended into the scrotum, prevent sperm pro¬ 
duction 

Neurovascular Supply and Lymphatic 
Drainage 

Arteries. The testes are supplied by the 
testkular artery which arise* directly from 
the aorta and also sends a brandi to the 
epididymis. lhe testicular artery anasto¬ 
moses with the artery to ductus deferens [see 
p. 2501 and the cremastericartery («- infenor 
epigastrk artery) which supplies the tunia 
of t/u* testes. Tlie scrotum is nourished by 
branches from the iniemal pudendal artery 

Veins. Blood from the testes and epididymis 
drains tnto the pompim/omi venous p/exus 
which in turn empties via the right testicular 
win into the infenor vena cava and via the 
left testicular vein into the loft rénal vein. 
Drainage from the tûmes of the testes and 
the scrotum is to the grcat saphenous vein . 
inferior epigûstnc veith and internai puden¬ 
dal vein . 

Nerves. Sympathetic fîbers from the celiac 
plexus accompany the supplying arteries to 
the testes and epididymides. T tu» scrotum is 
innervated by the scrotal nerves arising from 
the tffofnjp/inai nerve and pudendal nerve. 
Nerve supply to the cremasicr muscle is 
provided by the génital branch of the geni- 
tofemoral nerve. 

Régional lymph nodes. Lymph from the 
testes and epididymides drains to the lum- 
bar nodes; that from the tûmes of the testes 
and scrotum drains to the inguinal nodes. 

Clinkal note. Varfcoork i\ 4 condmon of un- 
known erioiogy thaï involw* abnormal déla¬ 
tion of lhe wide-caliber, vaMm veins of the 
pampimform venou-i plexus, The left testis h 
more often affccted lhan the right. 
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Séminal Ducts and Accessory 
Sex Glands 

Ductus Deferens (Vas Deferens) 

Gros* anatomy (A). The ductus deferens/vas 
deferens (Al) i$ a 35-40cm long continua¬ 
tion of the duct of the epididymis that trans¬ 
ports sperm. It is 3-33 mm thick and has a 
strong, muscular wall. After emerging from 
the head of the epididymis. îts initial part is 
tortuous. followed by a straight segment, at 
the end of which is a spindle-shaped dda¬ 
tion called the ampulla of ductus deferens 
(A2). The ductus deferens opens mto the 
ejaculatory duct (A3) which is located in the 
prostatic urethra. 

Microanatomy (B). The star-shaped lumen 
of the ductus deferens has 3-4 longitudinal 
Joids allowingfor its expansion . It is lined by 
pseudosrran/îed. stereoci/iafed. columnar 
epithelium (B4) and a thin. underlying layer 
of connective tissue with abundant elastic 
fibers. The mucosal lining of the ampulla of 
the ductus deferens contains numerous 
folds. The thick muscular layer (B5) consiste 
of bundles of smooth muscle cells traveling 
at various gradient angles. In cross-section, 
this arrangement gives rise to an ourer 
/ongifudina/ loyer, a middle àrcular layer, 
and an inner longitudinal loyer. The ductus 
deferens is embedded in its surroundings by 
a connective tissue adventitia ( B6). 

Function. The ductus deferens transports 
sperm and séminal fluid from the epididy¬ 
mis to the male urethra by means of per- 
istaltic waves. 

Netirovascular Supply and Lymphatic 
Drainage 

Arteries. The ductus deferens (C> is sup- 
plied by the artery to ductus deferens (C7) 
which springs from the patent part of the 
umbfJfoiJ artery. 

Veins. Venous drainage is via the pam- 
piniform venousplexus(C8) as well as the vési¬ 
cal and prostatic venous plexuses 

Nerves. Innervation of the ductus deferens 
is provided by autonomie Fibers from the in- 
ferior hypogastric nerve plexus 


Régional lymph nodes. Lymph drains to 
the lumbar nodes 

Topography (A) 

The first part of the ductus deferens. the 
scrotai part, travels along the inner aspect of 
the epididymis . The second part, the funicular 
part, lies surrounded by veins in the sper- 
maric cord (see below). The third ponion, 
the inguinal part, passes through the inguinal 
canal and traverses the deep inguinal ring 
(A9) médial to the vessels and nerves ac- 
companying the ductus deferens. It pro- 
ceeds deep to the peritoneum and crosses 
over the infenor epigastric and external iliac 
vessels. The pelvic part of the ductus défer¬ 
ons ultimately crosses the linea terminalis 
into the lesserpelvis. 

Spermatlc Cord (C) 

The spermatic cord consiste of the ductus 
deferens and its accompanying vessels (îesricu- 
lar artery and vein, artery to ductus deferens. 
pampiniform venous plexus, autonomie 
nerves. and the génital branch of the geni- 
tofemoral nerve). It entends from the head of 
the epldidymisto the deep inguinal ring and 
is covered by the internai spermafic fascia 
(CIO) investing the cnemasfer muscle. 

ainkal note. The muscular wall of the ductus 
deferens makes it readity palpable In the sper- 
maik cord 
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Séminal Vesides 

The patred séminal vesides (Al ) lie against 
the posterior surface of the unnary bladder 
(AC2) latéral to the ampulla of tlie ductus 
déférons (A3). Only their latéral, uppermost 
portions are covered by peritoneum. Eadt 
séminal vesicle is a bout 5 cm long and eon- 
tains a coiied duct about 15 cm long. The ex- 
cretory duct opens at the level of the prostatic 
urethra tnto the ejaculatory duct (AC4). 

Microanaiomv and funaion. The surface architec¬ 
ture of the mucosa i- charanerized by numerou* 
mikosâl folds «i that it appears to hâve cavittes 
in histological préparations. The variably tall 
épithélial cells are arranged in a single layer and 
secrete an alkahne sécrétion rich in fructose that 
makes up most of the volume of the sommai fluid. 
The séminal vendes hâve si rang, muscular walls. 

A5 Uretcr 

Prostate 

The chestnut-sized prostate (A-C6) lies 
below the urtnary bladder on the pelvic 
floor. Its anterior surface B7) faces the pubic 
symphyses, and its posterior surface faces the 
rectum. Its inferolateral surface faces the 
latéral pelvic wall and is adjacent to the (au¬ 
tonomie) tnfenor hypogastric nerve plexus. 
The base of prostate i B8) is fused to the fun- 
dus of the unnary bladder. and the apex of 
prostate (B9) faces the urogénital dia- 
phragm. The prostate ts penetrated by the 
initial portion of the ma/e urethra (BC10) 
and by t he ejaculatory dua f AC4 ). Ihe macro¬ 
scopie dimension into the right and left lobes . 
the tsthmus of prostate, and the middle lobe 
is les* relevant than the embryological and 
pathologicat aspects of glandular ttssue. 

Microanatomy and funaion. The prostate is an 
exocrine organ made up of about 40 individuaJ 
tubuloalwolargUmd* that open by prostatic ductules 
a round the séminal cdlnrulus m the male urethra 
tt is surrounded by a tough connective tissue cap¬ 
sule of prostate and contains typical fibromuscuUr 
stroma The individuel glands within the prostate 
are embedded in connective tissue containing 
large amounts of smoorh musc/e. The prostatk 
epithelium contains variably tall cells and iv pseu- 
dostratified (two or more rows); the active crtls of 
the gland are columnar The thin sécrétion uf the 
prostate is acidic (pH 6.4) and contains numerous 


enzymes including acid phosphatase. It makes up 
15 -30% uf the séminal fluid. 

Cllnkal note The tissue of the prostate gland 
may be divided clinkally into threc overlap- 
ping zones (D-F) stirrounding the umhra. The 
transitional zone fydlowj encloses the urethra 
to the level of the opening of the ejaculatory 
duct U is surrounded by glandular tissue 
calted the central zone (green) which also en¬ 
closes the ejaculatory duct. The largest part of 
the gland is the ouier. penpheral zone (red). In 
advancing âge. the ussue of the central zone 
tends to beconve enlargcd in a condition re- 
ferred to av bemgn prostatic hyperplasia which 
constricts the part of the urethra surrnunded 
by the prostate and impairs urination 

Neurovascular Supply and Lymphatlc 
Drainage of the Séminal Veslcles and 
Prostate 

Arteries. Arterial supply to the séminal ves- 
ides is from the inferior vésical artery. the 
artery to du-ctus déférons, and the middle 
rectal artery. The prostate is supplied by 
branches from the internai pudendal artery, 
tnferior vésical artery. and middle rectal 
artery. 

Vetns. The veins a round the prostate form a 
plexus known as the prostatic venous plexus 
which is connected with the vésical venous 
plexus. It receivcs blood from the séminal 
vesides and eniptics into the internai iliac 
vetn. 

Nervcs, l.ytng in close proxfmity to the ttps 
of the séminal vesides as wetl as on the 
postérolatéral skie of the prostate are parts 
of the inferior hypogastric nerve plexus which 
sends numerous nerves to the gland. 

Régional lymph nodes. Lymph from the 
semrnn/ vendes drains to the internai iliac 
nodes. while most of the lymph from the 
prostate drains to the internai iliac nodes and 
sacral nodes. 
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B Prostate, antenor aspect 
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D-F SchematK sectionsthrough the prostate 
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Male External Cenitalia 

Pénis 

The male sex organ is composed of a two- 
chambered cavcrnous body callcd the cor¬ 
pus cavemosum pénis ( AB€1 ) and a cavemous 
body surrounding the urethra known as the 
corpus spongiosum pénis (ABC2), The pénis 
contins of the root of pénis (A3), the part at- 
tached to the pubis and the permeum, and 
the freely movable body of pénis (A4 K The 
flattened superior side of the body of the 
pénis is known as the dorsum of pénis, and 
the inferior side is the uref/ira/ surface. 

Root of pénis. The root of the pénis anses 
from the inferior pubic rami by the rïght and 
teft crura of pénis (A5X proximal extensions 
of the corpora cavemosa surrounded by 
the striated fsc/uorovemosus (A6), The 
thickened end of the of corpus spongiosum 
lying between the two crura of the pénis fs 
termed the bulb of pénis (A7). The bulb i$ 
firmly connectcd with the urogénital dia- 
phragm i A8) and covered by the bulbospon - 
giosus (A9) muscle. The root of the pénis is 
attached to the abdominal wall and pubic 
symphysîs by the fundifontt ligament of 
pénis and the suspe/isoty ligament of pénis 
[see Vol. I. p. 92). 

Body of pénis. The two mira of the pénis 
unité below the pubic symphysis to form 
the dual-chambercd corpus cavernosum pénis 
whkrh makes up most of the body of the 
pénis. Each corpus cavernosum is enclosed 
in a thick connective tissue sheath called 
the tunica albuginea of corpora cavemosa 
(BC10). A médian partition known as the 
septum pénis (BU )arises from the tunica al- 
buginea and partially séparâtes the two cor- 
pora cavemosa. Lying in the wide groove ex- 
tendmg along the inferior surface the cor¬ 
pus cavernosum to its conical end is the cor¬ 
pus spongiosum. The connective tissuc 
sheath surrounding the corpus spongiosum. 
the tunica albuginea of corpus spongiosum 
(B12), is relatively thin. The tough fascia of 
pénis i B13) surrounds the corpora cavemosa 
and corpus spongiosum collcclively, 

Glans pénis. The corpus spongiosum of the 
pénis receives the male urethra about 1 cm 


from the bulb and terminâtes as the glans 
pénis (ACM). an expansion of the corpus 
spongiosum projecting beyond the ends of 
the corpora cavemosa. On the tip of the 
glans pénis is the slit-like opening ol the 
male urethra known as the external urethra! 
orifice (05). The rounded margîn endrding 
the base, the corona of glans (AC16). ts sepa- 
rated from the body of the pénis by a furrow. 

Pénis eoverings. ITic pénis is covered by 
thin skin thaï does not contam any fat. Un- 
demeath îs a thin subeutaneous fascia 
known as the tubcutanmis tlaue of pénis 
(B17). The skin overlying the body of the 
pénis is freely movable and is attached at 
the corona of the glans (C) where it forms 
the pnepuce of pénis (forcskin) (08J, a fold of 
skin that does not contain fat. The frenulum 
of prépuce, forrned by an tnner layer of the 
prepuce. passes front ils inferior aspect to 
the glans of the pénis, attaching and tether- 
ing the foreskin to the glans. 

Mlcroscopk Anatomy of the Corpora 
Cavemosa and the Corpus Spongiosum 

Corpus cavernosum pénis (Q. The viscular tpacev 
(cavemous spacet) of lhe corpus cavernosum of the 
pénis are lined by endor/idium and arc embedded 
m a framewurk of col/ngpnous and elastkjibers as 
well as nrrworics of sirunnh munie cells called 
Irabecutae of corpora cicrrnosa The spaces can hotd 
variable amounts of blood. forming mere du -hke 
cavities wlien empty. and expanding durmg eret- 
lion io a diameter of sevcral millimeters. The 
smooth muscle bel ween the spaces contracta and 
stiffem the pcmv The vascular spaecs are fed by 
the hflktite arlenes f - deep artery of pénis, see p 
2ti2) whkh act as raasinncr vessçl s, Blood is 
drained from the vascular sp,ues to subfascial and 
cpi fascial vems. 

Corpus spongiosum pénis, rhe corpus spongio¬ 
sum ofthe iienisalsocontams widevascularspacK 
lined by rndotMium which. however, are viewed 
as continualionsof the venons System In lhe body of 
lhe pénis lhey parai Ici rhe course of lhe mate 
urethra, and in the glans they are tnrtuous, The 
connective tissuc fmmewtirk and trobcculoc of the 
sinooth muscle are lesv prommeni than in the cor¬ 
pora cavemosa. A fillmg of the cavcrnous spaces 
in the corpus spongiosum roerely Icads to “s ofr 
vwef/ing. pcrnutiing sjKTm to be transported 
Ihruugh the male urcihra 



Pénis 261 



A Pénis, corporacavernosa and 
corpus spongiosum with surrounding muscles, inferior aspect 



B Cross-section through body of pénis C Sagittal section through tip of pénis 
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Male Génital System: Male Cxternal Genitalia 


Pénis, cont. 

Neurovascular Supply and Lymphatic 
Drainage 

Arteries. The corpora cavernasa and the 
corpus spongiosum are supplied by thnee 
paired artenes arising from the internai pu- 
dcndal artery: the posterior artery of pénis 
(Al ) which passes deep to the fasria on the 
dorsum of the pénis and supplies the glans. 
foreskin. and skin: the deep artery of pénis 
(A2) which passes in the middle of the cor¬ 
pora cavernosa. supplying them and giving 
off the helicine artenes: and the artery of bulb 
of pénis (A3) which supplies the corpus 
spongiosum and male urethra. 

Veins. Vcnous drainage is mostly to the un- 
paired superfïcial (A31 and deep posterior veins 
of pénis (A4) which open into the prostatk 
venous plexus and vesira/ vcnous plexus . 

Serves. Sensory innervation is provided by 
a brandi from the pudendal nerve. Autonomie 
fîbers pass to the pénis via the inferîor hypo- 
gastric nerve plexus and anse from the lumbar 
part of the sympathetk part and sacral part 
of the parasympathetic part of the autonomie 
nervous System (pelvic splanchmc nerves). 

Régional lymph nodes. Lymph drains from 
the pénis to the inguinal nodes, 

Function. The sequence of events that occur in 
érection is tnggercd by sexu.il stimuli thaï are 
protessed by the autonomie nervous System 
which is linked to centers in the central nervous 
System, The vascular spaces becomr engnrged 
wuh blood while the helicine arteries dilate and 
lhe ouifinw of blood is reduced. If sexual stimula¬ 
tion reaches a certain level, the cerner for the 
éjaculation reftex located at the L2M3 spinal cord 
segments is stimulated. initiatmg the orgasm 
phase, which indudes émission and e/aoifation 

Male Urethra 

Most of the approximatcly 20cm long male 
urethra functions as a passage for both 
urine and semen.The short initial portion of 
the male urethra is contained in the wall of 
the urinary bladder. where it begms at the 
internai uréthral orifice B5 It continues as 
the 3.5cm long prostatic urethra (BC6) 
through the prostate. The posterior surface 
of the mner wall of the prostatic urethra 
présents a ridge-like projection called the 


uref/ira/ avst. In the middle therc is an ex¬ 
pansion termed the séminal colliculus (B7). 
Opening on tiw latéral sides of the séminal 
colliculus are the ejaculatory ducts ( B8 and 
on its summit a blind-ending sac called the 
prostatic ut ride, Running along either side 
of the séminal collicular is a groove called 
the prostatic sinus (B9). At the inferîor 
border of the prostate, the intermediate part 
BC10 ]i of the urethra begins. This short and 
narrowest part of the male urethra runs 
through the urogénital diaphragm and is 
continuous with its longest part, the spongy 
urethra (BIM1). The proximal part of the 
spongy urethra is attached to the urogénital 
diaphragm and pubic symphysis. Its lumen 
is dilatcd to form an anipulla and contams 
the openings of the excretory ducts from the 
bulbourethral glands (B12) (see below), The 
second dilated pan of the stxmgy urethra. 
known as the navkular fossa (BCI3), is lo- 
cated within the glans of the pénis. The 
navicular fossa is about 2 cm long and nar- 
rows to form the extemal uréthral orifice 
(B 14). Its roof often containsa fold known as 
the valve of navkular fossa. The interna/ 
urethra/ orifu c. intemiediafe part of urethra . 
and extemal uréthral orifice, are the three 
narrow parts of the otherwise wide male 
urethra. 

CBltal note. During cacheter insertion careful 
attention muM bc paid to the narrowed parts 
and bends présent in lhe mate urethra. 

Mit roanatomy. Thé mucosa ol the urethra 
contams longitudinal folds. As far as the 
nnddle ol the prostatic urethra the epi¬ 
thelium consista of fransftfoual epif/ie/wm 
which then transitions into strati/ïed. 
co/umnar epit/ie/n/m. The latter lines the 
spongy urethra as far as the navicular fossa 
which is hned by smutffed. squamous 
epithe/iiim. Scattercd throughout the spon¬ 
gy urethra are mucous uréthral glands 
(Littrc's glands). 

Bulbourethral glands. The bulbourethral 
glands are two pea-sized glands lying in the 
urogénital diaphragm. that produce a 
strmgy. mucous. slightly alkaline sécrétion 
which ts disdiarged through an excretory 
duct into the proximal portion of the spongy 
urethra. 



Pénis and Male Urethra 263 



Male Génital System 



















Male Génital System 


264 


Male Génital System: Male External Genitalia 


Topographical Anatomy 

Sectlonal Anatomy 

Transverse Section at the Level of the Hip 
Joints (A) 

The section cuts rather obliquely from an- 
terosuperior to posteroinferior, with the 
anterior portion beginning above the level 
of the pubic symphysts, On the latéral pelvic 
wall ît cuts through the obfurafor fnrenws 
(Al ) and obturator vessels ( A2) as well as the 
obfunaror nerve (A3) just above the entrance 
to the obturator canal. In the lateropostenor 
part of the section t he attachment site of t he 
socrospino/ /(gamenr (A4) can be identified 
on the ischial spine (AS). In front of the coc¬ 
cyx (A6) is the recto/ ampulla (A7) whose 
latéral and posterior aspects are surrounded 
by a sparse covering of péri rectal connec* 
tive tissue and adipose tissue containing 
branches of the superior rectal vessels as 
well as rectal nerves and lymph nodes. In 
from of the rectum the section is through 
the sermna/ veskle s (AS) and ampulla of duc- 
rus deferensi A9). Latéral to the séminal ves- 
ides are numerous vessels of the autonomie 
infehor hypogastric nerve plexus (A10j and 
prosfotkr venous p/exus { Ail ). The section is 
through the urmary bladdcr (Al2) at the 
level of the opening of the urefens (Al 3 on 
the left side the intramural part of the ureter 
can be seen.The anterior and latéral aspects 
of the urtnary bladder are surrounded by 
adipose tissue. permitting movement as it 
expands during filling. 

A14 Gluteus maximus. A15 Sciatir nervr. A16 
Head of fémur, A17 Neck of fémur. A18 Pectineus. 
A19 îhopsoas. A20 Fémoral vessels. A21 Fémoral 
nerve. A22 Reclus abdominis 

Transverse Section at th« Level of the 
Ischial Tuberositles (B) 

The section cuts antenorly through the 
pubic symp/iysis (B23) and posteriorly 
through thé fip of the coccyx. The latéral 
parts of the pelvic viscera rest on parts of 
the levatoi ani (B24). The posterior part of 
the rectum is surrounded by the muscu/ar 
s/mg formed by the puborectalis ( B25 }. 
Latéral to the puborectalis is the fat body of 


the ischioanal fossa (B26) whtch is bounded 
laterally by the obfurator inremus (B1) in 
whose facial canal the pudendal vessels 
(B27 ! travel as well as the pudendal nerve, 
The posterior paît of the ischioanal fossa is 
covered by theg/ufeus moxmms (B14). 

The prostate (B28), and prostatic venons 
plexus (BU ) lying antenor and latéral to the 
gland can be seen in front of the rectum. The 
autonomie mfenor hypogastric nerve plexus 
(B10) hesalong the postérolatéral border of 
the prostate and isaccompanied by the duc* 
rus déférais (B23) eoursing latéral to it. Be- 
tween the prostate and the pubic symphysis 
is the retropubic space. 

B30 Obtura toi oxtemus 
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Female Génital System: Female External Genitalia 


OverView 

Female Reproductive Organs 

The female génital System, likc that of the 
male, can be divided topographkally and 
embryologkally into internai and external 
genitalia. 

The imemal female génital organs are thc 
ovary (AC1), i/ferine tube (AC2), utérus 
(AC3), and vagina (A4). The external female 
genitalia consist of the labium majus (B5), 
labium minus {B6J, the vestibule of vagina 
(B7), the vestihu/or glands (A8). and the cli¬ 
toris (AB9J. In customary clinical usage, the 
term vulva refers to the eArter7ïû/genifû//o in 
cluding the urefhro/ ori/îces (AB10), vtîgmo, 
and the monspubis (B11), the fat pad overly- 
ing the putric symphysis. The accessory 
génital organs consistingof the u tenue tubes 
and ovaries are known as adnexa. 

Fu net ion The female reproductive cells, or 
egg cells (oocytes), mature in the ovary. Ma¬ 
ture ova are released cydically into the 
uterine tube and transported toward the 
uiems. If fertilization occurs, theyoungem- 
bryo (blastocyst) is implanted (nidation) in 
the prepared endometrium. 

A12 Bulbof vestibule. Al 3 Crus of clitoris 

Peritoneal Relations of the Female Pelvis 
(C) 

The peritoneal cavity continues, without 
any observable transition, front the abdomi¬ 
nal cavtty over the linea terminalis into the 
pel vie cavity. In the female pelvis. the utérus 
(AO) is situated between thc pelvic visccra. 
ue„ the urinary bladder (CI4) and the rec¬ 
tum (05) resulting in different peritoneal 
relations from those observed in the male 
pelvis (see p. 248). As in the male, the 
pariétal peritoneum of the anterior abdominal 
wall passes to the urinary bladder, covenng 
the apex of bladder and the supenor surface 
of bladder. It reflects from the superïor sur¬ 
face of the urinary bladder onto the anterior 
surface of utérus, covering the fundus of 
utérus and the adnexa latéral to the utérus. 
From there it extends over the posterior sur¬ 
face of utérus, passing from there as far as 


the posterior wall of the vagina. or posferioi 
part of vagina/ formx. 

The utérus, uterine tubes, and ova nés an 
covered by peritoneum. Extending in the 
frontal plane from either side of the uterut 
to the latéral pelvic wall is a peritoneum* 
covered fibrous plate called the broad liga* 
ment of uierus (06). The broad ligamenl 
divides the peritoneal cavity of the female 
pelvis into anterior and posterior peritoneal 
pocket s known as the vesicouterinc pouch 
(07) and rectouterine pouch (08). Dépend* 
ing on the fullness of the urinary bladder 
the vesicouterine pouch may form only a 
very shallow recess. The rectouterine pouch 
(pouch of Douglas) is a true peritoneal pocket, 
marktng the deepest point in the female 
abdominal cavity. It is bounded laterally by 
the rectouterine fold (091 which contains 
subserous fibrous connective t issue known 
as the sacrouterine ligament, as well the 
(autonomie) inferior hypogastric nerve 
plexus, 

Cllnkal note. Palhologîcal accumulations of 
fluid in the peritoneal cavity collect m the rtc» 
toutfriitr pouch. Fluid can be aspiraicd and 
dralned by puncture of the vagina. 
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Female Génital System: Female Extemal Genltalia 


Ovary and Uterine Tubes 

The paired ovaries * ABt ) are the female re- 
productive glands and the site of maturation of 
the follicles and egg cells (oocytes). They are 
normally located on either stde of the body 
on the latéral wall of the pelvis m the ovar¬ 
ian fossa which is bounded by the division of 
thetommoniltacartery.Thealmond-shaped 
ovary i$ about 4 cm long. 125-2 cm wide, and 
I cm thick, lis surface texture changes with 
âge: smooth in thechtld and irregular in the 
sexually mature female. In the postmeno¬ 
pausal woman the ovary has an atrophie, 
wrinkled appearance. 

Gross Anatomy of the Ovary 

The médial surface IB2) of the ovary. which 
faces medially toward the pelvk vtscera. is 
distînguished from its latéral surface B3i 
which resis against the latéral wall of the 
pelvis. The superior pôle of the obliquely 
oriented organ is referred to as the tubal ex* 
tremity (B4) and the tnferior pôle as the 
uterine extremity (B5). The ovary is located 
mtnapentonro//y and is anchored by a peri¬ 
toneal fold called the mesovorium (B6 i to 
the posterior side of the broad ligament of 
the utérus fB7), The suspensory /tgament of 
ovary . which contains vessels supplying the 
ovary. passes to the superior pôle of the 
organ. The /igamenr of ovary (B8 passes 
from its inferior pôle to the tubal angle of 
the utérus. The mesovarian border (B9). to 
which the mesovarium isattached. contains 
the hilum of ovary which allows vessels and 
nerves to enter and exit the organ. Opposite 
the mesovarian border ts the convex. a free 
border (B 10) which faces a peritoneal fold 
produced by the ureter. 

Microscopie Anatomy of the Ovary 

The ovary is surrounded by a tough connec¬ 
tive tissue capsule called the tunica albuginea 
(CDU). The tunica albuginea has an 
épithélial covering that is often erroneously 
referred to as the germinal epithelium; it 
consists of mostly cuboidal cells that play an 
important rôle in restoring the surface of 
the ovary after ovulation. The tnténor of the 


organ is permeated by a tough. htghly cellu¬ 
lar. connective tissue called ovarian stroma 
and can be divided mto an ovarian cortex 
(CD 12) and an ovarian medulla (CD13). The 
ovarian medulla contains abundant blood 
vessels and nerve fibers as well as endormie 
cells (sce p. 358). The (endocrine) hilar cells 
resemble the Leydig cells of the testis. 

The cortex of the mature ovary (O) contains 
ovarian follicles (CD 14) in various stages of 
development duringthe menstrual cycle, as 
well as the corpus liueum and ils remnants, 

The ovarian cortex of a ncwbom female con 
tains primordial follicles. i.e.. primary oo- 
cytcs/cgg cells 30-50pm in diameter sur¬ 
rounded by a single layer of fiai, follicular 
épithélial cells, Although the ovary contains 
between 500000 and 1000 000 primordial 
follicles at birth. a sigmTtcant number of 
these pertsh by the time of puberty. The oo¬ 
cytes remain in the prophase of meiosis 
until matunty, (FTirther information can be 
obtamed from textbooks of embryology and 
biology.) 
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Follkular Maturation 

At pubcrty a small number of foJlïcIes and 
their oocytes enter a hormonally regulated 
process of maturation. In histological prépa¬ 
rations. follides can be divided by develop- 
mental stage into primary. secondary. and 
tertiary follicles. During follicular matura¬ 
tion. the oocyte (Al ) grows to a diameter of 
150pm. 

The primordial follicle i A2j develops into a 
primary follicle ; A3) in which the primary oo¬ 
cyte is surrounded a ring constsring of a 
single loyer of cuboidal fotUcular epithelium . 
Between the ring of epithelium and the oo¬ 
cyte a homogenous zona pettucida (A4) 
forms. In the secondary follide ( A5) the oo¬ 
cyte is surrounded by a ring of stranfied 
follicular épithélial cells (A6) also known as 
granulosa cells , The s paie s between adja¬ 
cent follicular épithélial cells contàin follic¬ 
ular fluid . The connective tissue surround- 
ing the follicle forms the theca interna (A7 
a), containing steroid-producing cells. and 
the theca externa f A7 b) consisting of con¬ 
tractile cells. In the tertiary follide (A8) the 
intercellular spaces merge to form a large, 
fluid-filled cavity called the follicular an- 
trum (A9); the oocyte is now positioned off 
to one side of the follicle in the cumulus oo- 
phorus (A10). The granulosa cells touchmg 
the oocyte form the corona radiata (Ali). 
The stratified epithelium lining the antrum 
is called the granular laver i Al2 J. The theca 
interna \M a) and theca externa (A7 b) are 
well developed. 

In each cycle a tertiary follide grows over a 
penod of a few days to five times its original 
size. developing into a mature Graafian fol¬ 
licle (see p. 271 D) that resembles a blister on 
the tunica albuginea of the ovary and is 
ready for ovulation. Ovulation iday 12-15) 
occurs when the Graafian follicle releases 
the oocyte wîth its corona radiata into the 
utenne tube. 

After release of the oocyte, the walls of the 
follicle collapse to form the corpus rubrum 
which later becomes the yellow body or cor¬ 
pus luteum (B13), The cells of the granular 
layer undergo différentiation to become 


granulosa lutrin cells, and the cells of the 
theca interna become theca lutein cells, The 
edis of the corpus luteum produce pro¬ 
gestérone and estrogen. If fertilization does 
not occur, the corpus luteum dégénérâtes 
into scar tissue known as the corpus albkam. 
If imprégnation occurs. the corpus luteum 
continues to develop and becomes the cor¬ 
pus luteum of prtgnarwy. For information on 
hormonal régulation of simultaneous matu¬ 
ration of the follicle and ovum, see p. 358. 
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A Section throughovary 
and corpus luteum 


B Stages of follicular maturation 
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Cross Anatomy of the Uterine Tube 

The uterine tubes (AB1 extcnd from cither 
side of the utérus in rhe superior border of 
the broad ligament of utérus (B2\ Each 
uterine tube (salpinx) is 10- !8cin long and 
opens at its free end through the abdominal 
ostium (B3) mto the abdominal cavity. The 
funnel-shaped opening, tlie infundibulum of 
uterine tube (AB4Ï, possesses fringe-hke 
processes known as fîmbriac of uterme tube 
(AB5), one of which, the ovarian fimbiia 
B6) is especially long and is attached to the 
ovary. The infundibulum is contmuous with 
the ampulla of uterine tube (AB7) which 
makes up the latéral two-thtrds of the 
uterine tube. The narrow part doser to the 
utérus is known as the isthmusof uterine tube 
(A8), Tl k? intramural part of uterine tube (A9) 
passes through the upper corner of the 
uterine walLThe uterine tubes Ite imrapen- 
toneally and are connectée] by the mesosai- 
pinx (B10) to the broad ligament of utérus . 
The inner surface of the uterine tubes con- 
tams longitudinal niucosal folds. 

Microscopie Anatomy of the 
Uterine Tube 

The wails of the uterine tube arc composed 
of three layers. The mucosa (CDU ) bears a 
single layer of columnar epithelium wir/i al- 
iated and glandular celtsi The tu bal lining 
produces fluid that consists of glandular cell 
sécrétion and absorbed peritoneal fluid. The 
muscular layer 1CD12) can be divided mto 
several components consisting of a subpen - 
toneal layer . a penvasnr/or layer. and the au» 
tochthonous muscles of the tube itself The 
complex configuration of the muscie layers 
permit» tndependent movement of the 
uterine tube, assists the flow of tubal fluid. 
and hetpg to ni ave the oocyte forward while 
transporting sperin in the opposite dire<> 
tion. The outer surface of the uterine tube is 
covered by the serosa (CD13 : which permits 
its movement agamst its suruxindings. 

Function of ovary and uterine tube. The 
ovary contains the femak ganietes which are 
released as mature ova at a certain point in 
the menstrual cycle, It also produces hor¬ 


mones (estrogens. gestagens, and othei 
steroid hormones) and régulâtes the ovarian 
and menstrual cycles (see p. 358). 

Tlie uterine tube catelles the oocyte as it is re- 
leased from the ovary and transports tt te 
the utérus; it also serves as a site of fertili/a- 
tion smee the egg and sperm can meet and 
unité in it. 

Neurovascular Supply and Lymphatic 
Drainage of the Ovarjes and Uterine 
Tubes 

Art cries. The ovtny reçoives most of its 
blood supply from the ovarian artery B14) 
[* abdominal aorta.) and the ovarian branch 
(B 15) of the uterine artery | B16). The uterme 
tube is supplied by anastomosing branches 
of the ovarian and uterine artenes. 

Vein*. The* veins draming the ovanes con 
nect to form the ovarian plexus which give^ 
nse to the ownria/i vein, The veins from the 
uterine tube drain via the uterine venous 
plexus 

Nerves, Parasympathetic and sympathette 
nerves from the superior mesenteric nerve 
plexus and rénal nerve plexus accompany the 
ovarian vessels to the ovanes and uterine 
tubes. The uterine tubes are also supplied 
by the uterovaginal nerve plexus ! inferior 
hypogastric nerve plexus) whose parasym 
pathetic nerve fibers originale from the 
sacral spinal tord. 

Régional lymph nodes. Lympli from the 
ovmy drains to the lumbar nodes. lymphatic 
drainage from the u/erine tube also flows to 
the intentai iliacnodes. 

B17 Urrter 
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Utérus 

Cross Anatomy 

The utérus [ADI ) is a thick-walkd muscular 
organ situated near the tenter of the lesscr 
pelvis between the urinary bladder and rec* 
tum. Tiltcd shghtly forward, it i$ 7~8cm 
long in the sexually mature female and re- 
semblés an anteroposteriorly flattened pear. 
In terms of extemal structure it can be 
d i vid ed i nto a body of utérus {B2 J and cervix of 
utérus f AB3). 

Body of utérus. The upper two-thirds of the 
organ hâve a flattened anterior surface (A4) 
and a convex postehor surface (AS), bot h of 
which are lined by pentoneum (see p. 280). 
In the sexually mature female, the fundusof 
utérus BC6) projects beyond the rig/it 
uferirie hom (B7) and left utérine hom (B 81 
where the uterine tubes join the utérus. The 
narrow portion at the junction of the utérus 
and the cervix is known as the isthmus of 
utérus (B9). It can be identified on the outer 
surface of the organ as a shallow constnc* 
tion. 

Cervix of utérus (AB3). The thin. round, 
lower one-third of the utérus is directed 
postenorly and inferiorly. The vaginal part of 
cervix (A10) protrudes into the vagina 
(ABU), and the supravaginal part of cervix 
(AB12) lies above the vagina. The cervical 
end of the vaginal part contains an aperture 
in the utenne cavity known as the extemal os 
of utérus ( AC13) which is bounded anteriorly 
by the onferior lip (B14) and posteriorly by 
the posierior/ip (B15), 

Uterine cavity (C). The slit-hke, mucosa- 
lined uterine cavity (C16) resembles an in- 
verted triangle lying in the frontal plane 
with the paired uterine tubes extendtng 
from each of its upper corners. The lower 
apex of the triangle continues as t he canal of 
the isthmus through the histological internai 
os (C17) to the cervical canal, opening by the 
extemal os of utérus [ATI 3) mto the vagina. 
The cervical canal (08) is spindleshaped, 
and its surface structure is marked by pal- 
mate folds (09). Its mucosa contains cervi* 
cal glands which produce a mucous that 


closes the cervical canal like a plug. The dis¬ 
tance in the uterine cavity from the external 
os of the utérus to the fundus is about 6cm. 

Position of utérus. The position of the 
utérus dépends on the contents of the 
nearby hollow organs (urinary bladder and 
rectum). When the urinary bladder is 
empty. the utérus as a whole is generally 
tilted forward (antéversion) while its body is 
flexcd anteriorly towaid the cervix (anteflex- 
ion). The term uterine position refers to the 
position of the utérus or its déviation from 
the médian sagittal plane. 

Cllnkal note. In tlimcal practice the vaginal 
part of the cervix is sometimes referred ta as 
the portio" of lhe cervix; the "extemal os" is 
distingutshed from the internai os" which re- ( 
fers to the canal of the isthmus. Dunng prég¬ 
na ncy. the isthmus of the utérus widens and is 
known as the 'lower uterine segment’ 

Agc-related uterine changrs. In the ncwbom the 
utérus is a tubular organ ihat extends beyond the 
lesser pcivi s. The cervix ol ihc utérus is relativeiy 
long compared with its body The organ does not 
assume the typiral shape described above untll 
vexual maiurity During menstruation the utérus is 
siightly enlarged and more highly vasculanzed, 
and dunng prrgruivry it becomcs so cnlarged that 
it extends into the epigasinc région, In advanced 
âge the utérus atrophies: its body remams large 
while the cervix shrmks markedly, In a woman 
who has never had a vaginal birth, the extemal os 
is round, after the first vaginal birth it becomes a 
horizontal, siu-likc opening. 
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Female Génital System: Utérus 


Microscopie Anatomy 
Layers of the Uterine Wall (A) 

The mucosal layer that lines the luminal 
surface of the uterine cavity îs known as the 
endometrium (AC1 ). The thickest laycr in the 
walls of the utérus is the strong muscular 
layer, or myomelrium i AC2 \ Parts of the body 
and fundus of the utérus are lined by parte 
tal peritoneum known as the serosa or péri¬ 
métrium (AC3 1 . Lying alongside the latéral 
bordets of utérus A4) is connective tissue 
known as the parametrium AC5). The con¬ 
nective tissue to the right and left of the cer- 
vix is known as the paracervtx. 

Microscopie Anatomy of the Body of the 
Utérus 

Endometrium. The endométrial lintng of 
the body of the utérus rests directly on top 
of the muscular laycr. It contatns cell-rkh 
connective tissue with few fibers. Its simple 
columnar epithelium contains ciliated cells 
and invaginâtes to form the tubular uterine 
glands. The endometrium can be dtvided tnto 
two layers: a functional layer 11 IIIXor M func- 
ttonalis". whtch undergoes cyclic changes, 
and a basal layer (I). or "basalte." which isnot 
shed during menstruation and gives rise to 
cyclical régénération of the endometrium. 

Menstruai cycle {B). During thiidbeanng years. 
lhe functional layer of lhe endometrium is sub 
Ject to cyrlic changea brnught about by ovarian 
hormone*. In the proliférative phase days 5 14 1 
(B7, 8). the rejected funrtional layer ts rrstored 
under the influence of esrrudio/ and the glands m- 
crease m size, This is followed by the sec retory 
phase idays t5^28) (B9. 10) in which the glands 
continue to grow under the inflirence of pro¬ 
gestérone and estrogen and produce a vrscous 
sécrétion; blond vesseh multiply and extend The 
zone containmg the lubular parts of the glands 
becomes the spongy fayer [//). Superfinal to this 
zone ts a dense zone callcd the compact layer i fit) 
tn whtch large, epithdioid stromal cells. or pseu- 
dodmdual refis, appear If the ovum ts noi fenil- 
ized. ‘hormone withdrawar oecurs and the en¬ 
dometrium dégénérâtes. Thts is known as the 
ischémie phase, which lasts several hours and leads 
to tissue damage followod by bteeding and 
skiughingoff of the furn tion.il layer in the desqua 
mation phase or menstruation (days I -4) {B6 


Myometritim. The inyometnum ts by far 
the thickest part of the utérine wall. It fâ 
composée! of smoorh musde cells. connective* 
(issue, and vessels. Three layers of muscle can 
be distinguished in the body and the fundusJ 
of the utérus, of which the middlc layer is the 
thKkest. llve middle layer has a very rich 
blood supply, lending it a sponge-like ap- 
pearaiKe. Its muscle cells form a three-(#| 
mensional meshwork that mostly paralteM 
the surface of the utérus. The middle layer «: 
the main foyer fiWpin^ ro expel the fétus < 
during birth.The inner and outer muscle lay- .1 
ersarethin. 

Clinkal note. During prrgiuncy enlargemmt of 
vmtkJth muscle cells enables rapid growth of 
the titrrus to alxtui 7 to urnes its original size. 

Microscopie Anatomy of the Cervix 

The mucosa of the cervix of utérus ts not sub- ! 
ject to the cyclic dégénérât ton and restora- ’ 
tion of the uterine mucosa. Its columnar 
epithelium ovcriies a layer of fibrocellulatj 
connective tissue . lhe cervical glands are 
branchmg. tubular épithélial invaginations 
(D11) which produce an alkaline mucous. 
Unlike other régions ol the cervix. the vagi¬ 
nal part ts covered by strotified. nonkemt - 
fmzed squamotts epithelium. 

Clinkal note. The abrupt transit ion between 
lhe columnar epithelium of the cervical canal 
and the portio form* a transformation zone thaï 
in women of duldbearing âge can be rcadily 
vrsuali/ed and cxamtned t>y colposcopy. With 
increaitngâge, this area extend* mfo the cervi¬ 
cal canal. The transformation zone is the most 
commun site of cervical carcinonu 
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B Endometrîum during menstrudl cyck? (histological préparation courtesy of Prof. Specht) 
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Femate Génital System: Utérus 


Neurovascular Supply and 
Lymphatic Drainage 

Arterics. The utérus (AB1 ) mainly receives 
its blood supply from the uterine artery (— 
internai iliacartery) (A2). It courses in sub¬ 
peritoneal connective t issue ovcr the ureter 
(A3) to the base of the broad ligament of the 
utérus (arrow) and reaehes the wall of the 
utérus near the cervix. After dividing it runs 
a long the latéral utenne wall as the tortuous 
aseending main brandi and the dcscem/ing 
vaginal artery (A4). At the fundus of the 
utérus, the aseending main brandi joins its 
counterpart from the opposite side and 
gives rise to an ovarian brandi iA5), which 
in turn joins the ovarian artery A6| and a 
tubal branch (A7) to the uterine tube 
Veins. A network of valvctess veins fuems 
the uterine plexus (AS) around the body and 
cervix of the utérus. It drains via the utenne 
veins (A9) into the internai tfiar veins and is 
located in the parametrium. 

Lymphatic drainage. Lymph from the body 
and fundus mostly llows in three directions: 
along the suspensory ligament of ovaiy to 
the lymph nodes along the aorta: along the 
round ligament of utérus to the superficiel in¬ 
guinal nodes: and via the broad ligament of 
utérus to the lymph nodes along the division of 
the commun iliac artery which also collect a 
part of the lymph from the cervix of the 
utérus. Additional lymphatic vessels pass 
from the cervix to the pariétal lymph nodes 
along the internai iliac artery and posteri- 
orly to the sacral nodes, 

Nerves. Autonomie innervation is via the in- 
ferior hypogastric plexus [pelvic plexus) and 
pelvic spfancfi me nerves which form a plexus 
latéral to the cervix with large ganglion 
colis known as the uterovaginal plexus AtO] 
(Frankonhauser's ganglion). 

Fonctions. In nonpregnant State, the utérus 
prevents bacteria from entering the uterine 
and abdominal cavities through the vagina. 
It also undergoes cyclical preparattons to re- 
ceivc the ovum. and dunng pregnancy is the 
site of development of the embryo and fétus At 
birth it expeh the fétus. 


Support of th« Utérus 

The peritoneal relations of the utérus are de- 
scribed in the section on peritoneal rela¬ 
tions in the female pelvis ($ee p, 268), 

The anatonucal and climcal literature de- 
scribes various connective tissues as "liga¬ 
ments" attaching the utérus to adjacent 
structures. They are attributed with a sup- 
porfmg /unction, In the official nomencla¬ 
ture, these are known as the round ligament 
of the utérus (B11}. the broad ligament of 
the utérus (B 12), the rectouterine ligament, 
and the rectouterinus muscle. 

The round ligament of utérus anses near the 
uterine horns, It bas smooth muscle relis 
and runs through the inguinal canal, ending 
m the subeutaneous fat tissue of the labia 
majora. It is derived front the gonadal fold 
and is a continuation of the suspensory liga¬ 
ment of ovary. 

The broad ligament of utmis is a peritoneal 
fold between the latéral margin of the 
utérus and the latéral pelvicwall.lt contaim 
connective tissue, vessels. and nerves, 

The rectouterine fold is a peritoneal fold 
bounding the rectouterine pouch . It ts formed 
by dense uibperitoneal connective tissue 
and nerves of the (autonomie) inferior hy- 
pogastrie nerve plexus Its connective tissue 
originates alongside the cervix and ascends 
to the postérolatéral pelvic wall. It is also 
known as the rectouterine ligament or sacro- 
uterine ligament. There is disagreement in 
the literature about whether it contams the 
smooth rectouterinus muscle, 

A band called the cardinal ligament ( Macken 
radt's ligament) is frequently described in 
dinical practice It consists of a condensa 
tiun of connective tissue that presumably 
fixes the cervix to the latéral pelvic wall, 

Of the structures named above, the litera- 
ture agréés only on the existence of the 
round ligament of the utérus and the» broad 
ligament of the utérus. The utérus is mainly 
supported by the pelvic floor muscles , not by 
the above-named ligaments. 




Neurovascular Supply and Lymphatïc Drainage of Utérus and Supporting Structures 



B Female pelvtc viscera, viewed frtxn above 
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Female Génital System: Vagina and External Genitalia 


Vagina and External 
Cenitalia 

Cross Anatomy 

The vagina (AB1 ) is a thm-walled, hollow fi 
bromuscular organ. It extends from the ccr- 
vix of the utérus (A2 to the vagina] orifice 
(A3] in the vestibule of vagina Located just 
anterior to the vagina are the urinary blad- 
der (A4) and urethra (ABS): posterior to it 
the rectum (A6) and anal canal (A7). The 
vagina extends approximately along the 
pelvic axis. Its frontal aspect is flattened, 
and its anterior and posterior walls touch. 
boundmg an H-shaped crevice (B). The pos- 
terior wall of the vagina is 13-2 cm longer 
than its anterior wall. llie superior end of 
the vagina surrounds the cervix of the 
utérus (A), formmg the vaginal fomix which 
has a fiat anterior part { A8 X a deep posterior 
part (A9). and a latéral part. The widest part 
of the vagina is at the vaginal formx. The 
posterior part of the fomix extends to the 
deepest point of the rectouterine pooch 
(A 10). The rather narrow lower one-third of 
the vagina is below the levator hiatus. The 
vaginal orifice is bounded by the hymen or hy* 
menai carunclts (see below ) 

Mucosal landmarks (C). The vaginal mu 
cosa contains transverse folds called vaginal 
rugae Cil) as well as longitudinal folds 
called vaginal columns produted by well- 
developed venous plexuse s in the walls of 
the vagina. The anterior vaginal column is 
continuous with the prominent urethra! 
canna of vagina (C12) which is produced by 
the nearby urethra. 

Microscopie Anatomy 

Vaginal wall. The wall of the vagina is com 
posed of a thin muscular layrr chiefly con- 
sistmg of a meshn>ork of smooth muscle and 
elasticfibers. The vagina is embedded in the 
surrounding tissues by its connective tissue 
ad vent ma known as the paracolpium 

Mu cosa. The vaginal mucosa is composed of 
glycogen-rich. stratlfiçd. nonkeratinùed vqua- 
mous epithelium lying on top of a lamina 
propria. The vaginal epithelium undergœs 


cyilk changes which are expressed. for in¬ 
stance, hy the varymg levels of gjycogen 
stored in the épithélial cells évident in his- 
tologkal préparations. Ihere are no glands 
m the walls of the vagina. Vaginal fluid is 
made up of a transudotc from the venons 
plexuse s in the vaginal walls, cervical se* 
crerion, and exfnhated épithélial cells. Its 
slightîy acidK pH of 4.0-45 results from 
/actic and produced by the breakdown of 
glycogen in exfollated épithélial cells by lac- 
tk acid bat ter la 

Neurovascular Supply and Lymphatic 
Drainage (D) 

Arteries. The vagina is supplied by the vagi¬ 
nal branches (D13) from the utehne artery 
and by branches from the inferior veskal 
artery (D14) and internai pudendal artery 
(DIS), 

Ve ins. Venous drainage is to the vaginal 
venous plexus lying adjacent to the vagina. 
The vaginal venous plexus is connected to 
the venous plexuses of the adjacent urogén¬ 
ital organs and drains to the interna/ i/iac 
verni 

Nerves. Autonomie innervation of the 
vagina. like that of the utérus, is provided by 
the uterovaginal nerve plexus lhe inferior 
parts of tlie vagina are innervated by the 

pudendal nerve 

Lymphatic drainage. Lymph from the va¬ 
gina drains to the external and internai iliac 
nodes as well as to the superficial inguinal 
nodes 

Functionv. The vagina acts as an organ of 
sexual mtercourse and also serves as a chan- 
mH for drainage of cervical sécrétion and 
mens/rua/ blood Dunng childbirth. it isthe 
last. most distal portion of the birth canal. 
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throygh vagina 



C Longrtudinal section through 
vagina. view of anterior wall 



D VesseK. nerves, 
and fymph nodes of vagina 
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Structure of the External Genitalia 

Mons pubis and labia majora. The female 
external genitalia are located below, or out- 
side of, the pelvic floor. The antenor portion 
consists of the mons pubis (Al), a skm- 
eovercd fat pad overlying the pubic symphy 
sis, which is covered with terminal hatr 
after puberty. The pubic haïr continues 
caudally onto the labia majora pudendi A2 . 
promtnent longitudinal folds that extend 
from the mons pubis to the penneum (A3) 
and cover the pudendal cleft They corre¬ 
spond to the scrotum in the male, The labia 
majora meet anteriorly at the antenor com¬ 
missure of labia majora ; A4 ) and postenorly at 
the posterior commissure of labia majora (A5). 
Their outer surfaces are lined by pigmented 
skm containing smooth muscle cells. haïr, 
sebaceous and sweat glands. The epitheli¬ 
um lintng their inner surfaces is poorly ker- 
atintzed: the skin contams sebaceous 
glands, but is devuid of haïr. The labia ma¬ 
jora are basically composed of fat pads and 
venons plexusvs The bulb of vestibule ( B6 ) is a 
large venous plexus invested in fascia and 
covered by the bu/6ospongtosu$ B7). It 
forms a mass of ereetile tissue and corre¬ 
sponds to the corpus spongtosum of the 
pénis in the male. The two bulbs of the ves¬ 
tibule are connected anteriorly by the thin 
commfssune of bulbs. 

Labia minora. The labia minora of pudendi 
:AB8;, folds of skin that are devoid of fat. 
bound the vesribu/e of vagina (AB9 ! They 
are connected postenorly by the frenulum of 
labia minora (A10) which is obliterated by 
the first vaginal birth, Anteriorly the labia 
minora taper into two folds each: the two 
inner folds form the frenulum of clitoris (Al 1 ). 
passing to the clitoris, and the two outer 
folds unité in front of the clitoris to form the 
prepuce of clitoris (A12). The labia minora 
consist of a thtn epidermal covering overly* 
ing connective fissue and seboceous glands. 

Vestibule of vagina. The urethra opens into 
the antenor portion of the vestibule of vagina 
via the external uréthral orifice (AB13), and 
the vagin a opens in the posterior portion 
through the vaginal orifice ( AB14 1 which may 
be partially dosed off by the hymen. There ts 


great indtvtdual variation in the size of the 
hymen. It ruptures upon initial intercoursC 
but its remnants remain and after vaginal 
birth are known as the hymenal carunele* 
t A15). On either side of the vagina! orifice at 
the termination of each of the vestibular 
bulbs here. are the bean-sized greater vwti- 
bular glands (Bartholin's glands) which open 
via a 1.5-2 cm long excretory duct into the 
vestibule of tbe vagina. The lesser vestibul» 
glands secrete a mucoid discharge. 

Clitoris. The ditons is an ereetile, sensory 
organ (corpuscular nerve endings, tactile 
corpuscles} made up of the crus of ditoris 
(B16). body of clitoris (B17), and gîans of cli¬ 
toris (B 18). The bulk of the clitoris is formed 
by the righf and left corpona cavvmosa of di¬ 
rons which arise from paired crura that are 
attached to the inferior pubic rami, unité to 
form the unpaired body of clitoris, and end in 
the gtons of clitoris. In the body of the cl itoris 
the two corpora cavemosa are partially 
divided by the septum of corpona c airmosa. 
In a similar fashton to the pénis, the clitoris 
is attached to the inferior border of the 
pubic symphysis by the suspensory ligament 
of cl itoris ( see Vol, 1, p. 92 ) ( B19 ). The crura of 
the corpora cavernosa are covered by the 
isriuoai vemosus (B20) 

Neurovascular Supply and Lymphatk 
Drainage 

Arteries. The terminal branches of the inter¬ 
nai pudendal arterv supply the female exter¬ 
nal genitalia. 

Veins. Venous drainage is via the internai 
pudendal vein. external pudendal veins, and 
deep posterior vein of clitoris vésical 
venous plexus), 

IMerves. Innervation is by branches from the 
pudendal nerve, îlioingwnal nerve , and geni - 
fo/emora/ nerve. 

l.ymphatic drainage. Lymph from the ex- 
temal genitalia drains to the inguùiû/ nodes. 
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B Corpora cavernosa and related muscles ki the femak* 


Female Génital System 















Female Génital System 


286 


Female Génital System: Topographicat Anatomy 


Topographical Anatomy 

Sectlonal Anatomy 

Transverse Section at tire level of the Hip 
joints (A) 

The section cuts anteriorly through the su- 
penor pubic rmnt (Al j and posterioriy 
through the rop of the coccygeal vertebrae 
(A2L On the latéral pelvic wall the section 
cuts through the obruraror inrernus (A3) 
covenng the entrancc to the obrunitor cana/ 
lA4). Laterally and posterioriy the sarrospi 
nal ligament (AS) can be seen. including its 
attachment on the isc/ifo/ spine !A6), The 
recrum ( A7 ï lies in front of the coccyx and is 
surrounded by an adventitial layer of 
adipose and connective tissue contai ni ng 
numerous superior rectal vesseh i A8 : whkh 
are also visible. Anterior to the rectum is the 
recrourennc pouch A9 ). the deepest point in 
the female peritoneal cavity. Its pentoneal 
tining covers the posterior side of the cervix 
of utérus (AlO). Numerous utrnne vessefe 
(Ail ) can be identified in the connective 
tissue alongside the cervix of the utérus. 
Passmg postcrolaterally from the cervix is a 
band of dense connective tissuc known as 
the recrourerme ligament i A12 >, The urmary 
bladder {Al3) can be seen in front of the 
utérus just above the vite wherc the i/refer 
A14) joins the urmary bladder.The anterior 
and latéral surfaces of the urmary bladder 
are covercd by abundant adipose tissue. 
Irrespective of their structure and origin, 
the connective tissues alongstde the rectum 
are known in clinicat practice as the para- 
protffum, those alongside the cervix as the 
parncerv/x; and those alongside the urmary 
bladder as the paracystrum. 

A15 Gluteus maximum A16 Sciatie nerve. A17 Liga 
ment of head of fémur, A18 Head of fémur, A19 
Neck of fémur A20 Pectineus A21 liiopsoa*. A22 
Fémoral vrssels, A23 Fmxxal nerve 

Transverse Section at the Level of the 
Ischial Tube rosit les (B) 

The section cuts anteriorly through the 
puhic symphysis (B24) and posterioriy 
through the tip of the coccyx. Laterally, the 
pelvic viscera rest against parts of the leva 


tor ani £B25) [pubococcygnis B25 a. ffkh 
coccygei/s B25 b). The section cuts through 
the rec/i/m (B7J above the anorectalflexurtl 
and thus diagonally through its posteriori 
wall. Antenor to the rectum is the vagir» 
(B26 , latéral to the vagina the numerous! 
vessels of the vagina/ venons plexus B27, 
can be seen The section is through the 
urer/iru (B28) which is surrounded by ‘ 
stnated muscle of the extcmal unerhraj 
sphincter (B29). Ihe retropuhic space B30 
contams adipose tissue with abundant ves-J 
sels aho visible in tin* section. Ont side of the 
pelvic cavity the isdnoanaf/osso (B31 i«m 
be observed. l ying in its latéral wall is tfie 
pudendal canal (B32 ) contaimng the pirden- 
dal vessels and pudendal nenv 

B J3 ühturatnr exiemui 

Ctinical note. fburough knowledge ol the 
scntmiuJ anatomy i*f the female pelvis is ts~ 
veruial for accuuir imerprrl.uinn of images 
nhiameil iistnjî modem imagtng techniques; 
for insiawt' when assesving tumor sire and 
spread Irt female patients tins can include an 
évaluai ion of mto/ond bîaddo fumore. as well 
as oihet malignatvdes mvdvmg üw body and 
cemix of uirm and the ovonrs, Imagmg pro¬ 
cedures aie a netmsary pair of surgirai prepa* 
ration foi torrectly detrimimng ma lignant 
sprratî to Subperitoneal connective tissue and 
adjacent cwgan Systems 
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A Transvroe section ihroixjh femaie pt’ivis at level of h.tp joints 



B Transvefse section through tonale pelvis at levol of iscbial tuberosities 
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Female Génital System: Femaleand Male Pelves 


Comparative Anatomy of the 
Female and Male Pelves 

Soft Tissue Closure of the Pelvis 

The pelvic outlet is covered by the muscles 
of the pelvic floor in such a manner that the 
rectum and urogénital organs can still open 
properly. 

The pelvtc floor consists of the levator ani 
(AB1 ) and ischiococtygeus i AB2 ) muscles, 
The levator ant can be further subdivided 
mto three major components: the pt/bo- 
coccygcus (Cl a) and i/iorooygeus (Cl b 
which form a muscular sheet that closes the 
pelvts and supports the pelvtc and abdomi¬ 
nal vtscera tn theïr normal anatonncal posi 
tion; and the puborma/is (A-Ct c) which 
arises from the pubis and forms a sltng 
around the rectum at the level of the ano- 
rectal flexure. It supports rectal continence 
and, along with the médial flbers front the 
other levator muscles, compresses portions 
of the urogénital organs passingthrough the 
/evflfor b lut us (Cl). The muscle fa sa a cover- 
ing the levator ani on the side faetng ihc pel - 
visisknownasthe superiorfascia of pelvic dia- 
phragm, and that covermg the muscle on its 
outer surface as the inferior fasc'ta of pelvic 
diaphragm 

Similar to the bony pelvts, whose features 
differ between men and wornen. the levator 
ani also exhibits sex-specific différences. In 
the woman (A) the levator am contains 
more connective tissue than in the man B J, 
in whom the pelvtc floor muscles are on the 
whole better developed, which, in particu- 
lar. results in a higher puborectalis, 

AB4 Coccyx, ABS fémur. AB6 Sacrum with coccyx. 
AB7 Pmformis. AB8 Obturator internus with su 
perior and inferior gemclli, AB9 guadratus 
femoris, AB10 Ischtal tuberusity. AB11 Isihial 
spme, A12 Anococcygeal body. AB 13 Anus, A14 
Pudcndal canal. A15 Sciai* nerve. A16 Ham 
strings 


Cllnkal note. Lvpeculfy lu women who hâve 
had multiple vaginal births, the pelvic Rixir 
muscles hâve a tendent y to becomr lax with 
âge under the pressure of the viscera resting 
on them The result \s a peMt floor dysfunc- 
tbn or insufTinency which may lead to organ 
prolapsc «M iiKvmtinence. that is. the inabllity to 
marntarn dosure of the vxctrtury passages. 
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B Pelvic floor muscles, 
male, posterior view 


C Pefvic floor muscles, viewed from above 
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Femate Génital System: Female and Male Pelves 


Soft Tissue Closure of the Peivis, 
cont. 

Transverse Section through the Périnéal 
Région in the Male (A) 

The postenor part of the section is through 
the anal opening (Al ) and surroundmg es 
temal anal sphincter (AB2T Latéral and 
anterior to the anal opening is the fat body 
of the isr/iioana/ fossa (AB3). In front of the 
anal canal the section cuts through the 
transverse striated muscle fibcrs and con¬ 
nective tissue of the superfîaal transverse 
périnéal muscle (A4). Arising on either side 
from the inferior pubic ramus (ABS ï is the 
fsc/iiocovemosus (AB6 which encloses the 
crus o/penfc (A7). Between the crura of the 
pénis is the bulb of pénis (A81 m which the 
male urethra is visible antenorly (A9f 
The surroundmg striated extemal uréthral 
sphincter is visible in the section. Alongstde 
the tangential section through part of the 
pénis, the spermatic cord i A10) can be seen 
on either sidc. 

ABU Ad d uct or muscles 

Transverse Section through the Périnéal 
Région in the FemaJe (B) 

The section liesabove the anal opening. eut - 
ting through the anal canal iB12 whrch is 
surrounded by the sphincter complex con- 
sisting of the interna/ anal sphincter B13 
longitudinal muscle , and the extemal anal 
sphincter (B2). Anterior to the anal canal is 
the vagina (B14), the anterior wall of which 
is firmly joined to the urethra B15 ). As in 
sections through the male peivis. the ongin 
of the isthiocavcrnosus ( B6 which encloses 
the crura of clitoris (B 16). can be identified 
on either side. The bulb of vestibule (B17 
surrounds the vagina/ and urethraI openings 

Ischioanat Fossa 

lying ou t si de of the pelvic floor on either 
sidc of the anal canal is the tocfnoonof fossa 
(green m the figure shown in the text. AB3), 
a pyramidal space filled by the fût body of 
ischioanal fossa. The base of the ischioanal 
fossa is covered by périnéal skin 18), and its 
apex is near the union of the levator ani and 


obturator infemus. The space h bounded 
medially by the extemal anal sphincter (2j 
and /evotor ani ( 19 ). i.e. ns fascia. the inferior 
fascia of pelvic diaphragm and laterally the 
isdnal tubérosité (20) and obturator fascia. 
Postfriorly the space is covered by the glu - 
feus maximum (21) and sarrofuberoiis liga¬ 
ment: antenorly it extends to the postenor 
border of the urogenira/ diaphragm . 

The interna/ pudendal veuels and the pudem 
dal nerve course in the latéral wall of the 
ischioanal fossa. lhey lie protected in a fas¬ 
cial sheath of the obturator internus known 
as the pudendal canal (Akock's canal). 

Cllnkal not*. Pudendjl nerve blnck can be 
^thirvrd by tr.WHv.igi ruI injection of a local 
anest belle wiih tlie needtc chrected tow.ird i be 
isctii.it splne. 
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6 TramvtW section at fevd of périnéal région, tonale 
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Pregnancy: Gametes 


Cametes 

Ail cells contam genetic information in 
threadltke DNA (deoxynbonudeic acid) 
molécules consisting of a double hélix. 
Genetic information is carned in the cells of 
tiw human body in a diploid set of chromo¬ 
somes consisting of 46 chromosomes. i,e„ 
44 autonomes, and 2 sex chromosomes 
(heterosonws). Before cell division (mitosis: 
the DNA is repi ica ted so that the division 
produces two identical daughter cells, each 
with a diplotd set of chromosomes. 

Fertilization. the union of an egg cell and a 
sperm cell. involves fusion of the two cell 
nuclei whieh carry genetic matenal from 
the father and mother. Sinte ail members of 
a given spedes hâve the same number of 
chromosomes, the number of chromosomes 
carned by the unittng gametes must be 
halved (to yield a haploid set of chromo¬ 
somes) before fertilization. This process of 
réduction is known as mciosiv producmg 
gametes (oocytes and spermatozoaj for the 
purpose of sexual reproduction, each of 
which possesses a haploid seî of chromo¬ 
somes (23 X or 23 Y). The union of the male 
and female haploid gametes produces a di* 
ploid zygote that can undergo cell division, 
or mitosis. The nucléus of the zygote con¬ 
tai ns one set each of the mother’s and 
fathcr's chromosomes (46 XX or 46 XY). 

In the/îrst stage of meiosts the ho mo logo us 
chromosomes are divided. and in the second 
stage of meiosts the chromât ids are divided. 

Spermatocyte meiosis occurs in the convo 
luted semmiferous tubules in the testes and 
results in four gametes {spennatîds) of equal 
Size. 

The oocyte undergocs the first meiotic divi 
sion before ovulation. The resulting cells are 
unequo/ in size; the smaller daughter cell is 
known as the polar body (Al ). At the tnne of 
imprégnation (pénétration of the egg tell by 
a spermatozoon AB2)). the egg cell is still in 
the second meiotic division dunng which a 
further rudimentary cell. the second polar 
body {BCD3) arises as well as the large, ha- 
ploid oocyte which contains the pronudeus 
( BC4). (A third polar body may OCCasionally 


be présent, presumably arismg from a sec* 
ond meurt k division of tiw first polar body) 

The mature ovum ! A5 ) ha s a thick. acellular 
glycoprotein coat known as the zona peh 
ludda (clear membrane} (A-£6) which is 
mostly a product of the follicular épithélial 
cells (A-£7). This pushes the follicular 
épithélial cells (granulosa cells). in this 
stage also known as corona radiata cells 
i AE7 1. away from the surface of theegg cell; 
yet via their long, thm processes £8 pass- 
mg through tiw zona pellucida they form a 
nexus(connexm 37)and remain in contact 
with the cell membrane (£9), In some areas 
the processes project into the surface of the 
oocyte producmg nodular élévations (E10). 

BjotopcaJ *rx is gmetwally determmed at che un* 
of frmlizaiion by ihe combination of chromo* 
somes: two X chromosomes (XX) produce a 
femakr offspring and the combination XY pro* 
duces a niait* offsprmg After meiosis. dunng 
which a wngle ui of chromtminws is halved, rhe 
"mature" ( haploid) oocyte has an X chromosome 
and tiw ‘mature* spermatozoon has enher an X 
or Y chromosome At the lime of feritlizaimn the 
spermatozoon détermine* the sex of the gamete. 

Cil Male pronudeus, £11 Oocyte cytoplasm, £12 
Nudrus of ooeyie 

Ljaculate semen. séminal fluid) is com- 
posed of a cellular part and a fluid part. The 
cellular comportent consists mainly of sper* 
matozoa, as well as sloughed-off epithélial 
cells from the génital tract. The fluid rom- 
ponent of semen known as séminal plasma 
consists of fluid secreted in the epididymis 
and accessory sex glands (prostate, séminal 
veside). The tjaatlate volume is 2,0 ml or 
more, and the total sperm count is 40 x 10* 
per éjaculation or more. The chances of 
fertilisation are sigmficamly dimimshed at 
levêls below 20million sperm per milliliter. 






part of oocyte, électron mjcrtHtopy q Zygole undergowg mitosis 
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Pregnancy: Fertilization 


Fertilization 


Formation of the Zygote 


Before fertilization can occur the sperm 
mim travel through the female reproductive 
tract, Its migration is chiefly influented by 
the hormonal milieu of the female génital 
tract, A woman’s fertihty dépends on the 
ability of the sperm to successfully traverse 
the cervical canal and reach the ampulla of 
the utérine tube where fertilization can take 
place under physiologie conditions. 

For most of the menstrual cycle, the cervical 
canal is dosed by thick cervical mucus, pre- 
venting ascension of the sperm. Increasing 
estrogen levels cause the cervical mucus to 
become watery. stringy, and alkaline. which 
assists sperm migration. Most importantly. 
the mucosal plug stopping the extemal os 
becomes passable, 

Capadtatlon and Acrosome 
Reaction 

After migration sperm tells undergo capaci- 
tation, a process which is also assisted by 
estrogen, Capacitation is a biorhemical and 
physiological "maturation process** that al- 
lows the sperm eell to penetrate an egg cell. 
The resulting changes to the plasma mem¬ 
brane of the spermatozoa are necessary for 
the subséquent acrosome reaction Per¬ 
foration and vcsiculat ion of its plasma mem - 
brane and outer acrosomal membrane 
causes leakage of /ysosomn/enzymes, indud - 
mg a protease caîled acrosin. This enables 
the sperm cell to penetrate the corona radr- 
ata and zona pelluada the spermato/oon 
(B1 ) First binds to receptors (B2) in the zona 
pelluada B3 and after penetrating the zona 
pelluada, enters the narrow perhitelline 
space (C4) between the zona pelluada and 
the surface of the egg cell. The acrosome ré¬ 
action consists of the fusion of the inner 
acrosomal membrane with the plasma 
membrane of the egg cell. After this, the 
penetrating sperm cell Iles without a cell 
membrane within the cytoplasm of the egg 
cell. 


After the sperm cell pénétrâtes the egg cell. 
the second polar body is expcllcd, a sign of 
complction of the second meiotic division. 
The egg cell itself reacts to contact with the 
sperm cell and pénétration in vanous ways. 
Membrane receptors trigger a cortical réac¬ 
tion cortical vesklcs (B5) in the egg cell re- 
lease their contents (enzymes) into the per- 
ivitelline space (CD4| causing structural 
changes to the egg cell that block fertiliza¬ 
tion by more than one sperm cell (DI ), 

BU)3 Zona pellucïda. BDC4 Penvnelllne spare. 
HCt)6 Plasma membrane of egg cell, D7 Kmptied 
radical granules. 

At the sa me tinve decondensatwn of sperm 
chromatin occurs, visible as swelhng of the 
sperm head. Under the influence of grovvth 
factors a mate pronucléus develops and the 
haploid nucléus of the oocyte swells to form 
a female pronudeus. The union of the two 
pronudei produces a zygote wnh a diploid 
set of chromosomes (see p. 295 ), 

Contact between the sperm and egg cells 
immediately depolarizes the oocyte mem¬ 
brane and induces mtivanon of egg metabo- 
lism Translation of preformed K NA begins 
and new R NA is formed; protein synthesis 
increases The process of mitosis begins and 
biologieal sex is genetically determined, 
Upon fertilization. genetically programmed 
development begins, 

ligure A summarizes important reactions 
before and during the process of fertiliza¬ 
tion. 
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Pregnancy: Early Development 


Early Development 

Ovulation is the nNease of the egg cell with 
its surroundmg zona pellucida and corona 
radiata {• follirular/granulosa cells) and ré¬ 
ception by the infundibulum of uterine tube 
via the abdominal ostium of uterine tube 
Fertilization must occur within 6- l2hours. 
after whicti the egg cell is no longer viable. 
Fertilization normally occurs in the ampulla 
of uterine tube, The zygote is tran sported to 
the utérus within 4 or 5days. propelled by 
ciliary action ofthetubal épithélial cells, the 
production (flow) of tubal fluid, and con¬ 
tractions of the muscular wall of the uterine 
tube. Ail these actions are regulated by hor¬ 
mones. 

Zygote development is also regulated by hor 
mones, The zygote is nnunshed by substances 
Tound in tubal fluid. including pyruvatr. Urtate. 
and amino acids, 

Cleavage. As it moves through the uterine 
tube, the zygote undergœs a sériés of mi- 
totic divisions termed cleavage With each 
cleavage the divtding cell s. btastomeres. be- 
come smaller sinee they remain encased in 
the melastic zona pellucida ABC t ) (see p. 
3I2J- 

Morula. By around the third day after con¬ 
ception the zygote reaches the 16-cell stage 
at which point it resembles a mulberry and 
hence is termed a morula (A). The morula 
can be divtded into a central, inner cell mass 
called the embryoblast (BC4) fembryome 
dise) and a covenng layer called the tropho- 
blast (BC2 ) which later gives rise to the fêtai 
portion of the placenta. In the blastomere 
stage the cells resemble each other In terms 
of cytology. they are omnipotent ce Ils and 
are mdeterminate: thus as late as the 8-ceII 
stage, complété séparation can produce 
multiple offsprmg. 

Blastocyst*. In subséquent stages of deve¬ 
lopment. a fluid-fillcd cavity anses from the 
confluence of widened intercellular spaces 
containing fluid secreted by the hlastom- 
eres, The zygote is now referred to as a blas- 
tocyst (B), and the fluid filled cavity is the 
bUstocyst cavity (BC3). The cells of the inner 
cell mass (embryoblast ) now lie on nne side. 
and the cells of the outer layer (trophoblast ) 
flattcn to form the épithélial wall of the blas¬ 


tocyst (BC2), At the same lime, the en- 
dometnum C78} is prepared for blastocyst 
implantation by progestérone secreted by 
the corpus luteum The Iming of the utérus 
thnkens and beconies more vaseularized 
and réceptive to implantation, allowing the 
blastocyst to burrow into tt and retetve 
nounshment. Implantation (C) (nidation ) of 
the blastocyst in theendometrîum occurs at 
a favorable sue (from which it will not be 
easily moved ), usually in the postenor 1 09 
or anterior wall (D10) of the uterine cavity. 

C7 Fu net tonal layer of endomotnum. C8 Uterine 
epithelium 

Implantation. Implantation (nidation, day 
fr-7 after conception) involves a serres of 
phases In the First phase, apposition, the 
blastocyst cornes into contact at ils embry- 
onk pôle (BC4) (implantation pôle) with the 
epithelium of tbemdomefnimi The second 
phase is adhesion rcquinng adhesion mol¬ 
écules which are only availablc for 24hours 
(the so-called w/ndow of implantation), 
Only thon can invasion occur: the tropho- 
blast of the enibryonic pôle proliférâtes and 
fornis vil h, erodes the uterine epithelium, 
and invades the endometnum (C6). Tropho- 
blast cells that corne into contact with en¬ 
dométrial cells form the syneytiotrophoblast 
containmg multiple nuelei without identi¬ 
fiable cell boundaries, Nonfused tropho- 
blast cells produce tin* inner layer known 
as the cytocrophoblast. The cytotrophoblast 
consists of a single layer uf cuboida! épithé¬ 
lial cells. The previously single-layered tro- 
phoblast now consists of two layer* (see p. 
312), 

Clfnical note. Irnpl.int.il ton DUlurle nf lhe 
uterine cavity resitlting m rxtrauirmte prrg- 
naney fectopri ptegnancy) can occur in ihe 
abdominal i.iv»ry iDII i or ovaty 012:. drtn 
onstîaung thaï the speim can iravel tnio the 
abdominal cavity and fernhzr an egg cell there 
(abdominal pregnancy). et t opte preg 

runae* are tubal pregrtancte* |D13( fin the 
mentir tube), Implantation of the blastncyM in 
lhe uterine mbe iran erode the mctheTs ws 
sels and cause Jilr-ihteatemng bemonrhage, 
Implantation m the isthmu* (D14 of the 
utérus results m placenta pervia in whtth the 
placenta obsirucis the ton h canal. 
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Pregnancy: Early Development 




Early Development, cont. 

Deciduation. After the zona pellucida dism- 
tegrates. the nourishing trophoblast i.m lacer 
stages known as the “ehorion") (ABU 
divides to form trophoblast eells which, a$- 
sisted by the action of enzymes, send pro¬ 
tections (see also Fig. C. p. 299) into the en* 
dometrium (AB2 ). The trophoblast cells form 
the fêtai part of the placenta (C3), At the 
same time, the corpus luteum sécrétés pro¬ 
gestérone which transforms the endo¬ 
métrial cells into edematous. enlarged cells 
storing glycogen and lipids. This process is 
known as the decidual reaction It begins in 
the stromal cells surrounding the implanted 
blastocyst and later spreads throughout al- 
most the entire endometrium. The portion 
of the endometrium underlying the implan¬ 
tation site-that is, the portion between the 
blastocyst and the myometnum - becomes 
the deddua basalis. the maternai part of the 
placenta (C4), The thm endométrial layer 
overlying the implanted blastocyst becomes 
the deddua capsularis The endometnai lin- 
ing of the rest of the uterine cavity forms the 
decidua parietalis As pregnancy progresses, 
the decidua capsularis disappears corn- 
pletely. 

Amniotic cavity. A cavity, yolk sac. and 
amniotic cavity develop in the embryoblast 
above and below the blastocyst. The yolk sac 
(CS) dégénérâtes to form a vesicle. and the 
amniotic cavity (BC6) grows with the embryo 
(ABC71. From the third month of develop¬ 
ment onward, the embryo is known as a 
fétus The amniotic cavity contains amii/ofir 
ftuid, approximately 1 h ter by the final 
stages of pregnancy. The fétus swims in the 
amniotic fluid, connected to the mother by 
the umbilical cord. Amniotic fluid prevents 
adhesion of the fétus to the amnion. cush* 
ions it against mechanieal trauma, and al- 
lows it to move about. 

ABC8 Uterine cavity, ABC9 Myometnum 


Hormones and 
Contraception 

Hormones. After ovulation, gonadotropni 
sécrétion by the pituitary gland decreases 
and is taken over by trophoblast cells which 
synthesize human chorionîc gonadotro- 
pin ihCC). Among other functions hCC 
maintains the corpus luteum and the pren 
pared endometnai lîning. Menstruation 
does not occur. The corpus luteum of preg¬ 
nancy inhtbits contraction of the utérus 
until the fifth month. after which placenta! 
hormones assume this function and the cor* 
pus luteum régresses. Immunologucal pro¬ 
tection of the embryo is provided in part by 
"early pregnancy' factor (EPF) which is re- 
Icased within a few hours after fertilizatiou, 

Pregnancy tests. Human chorionicgonado- 
tropin can be dotected in blood and urine 
samples within 5-Gdays after fertilization 
and is commonly used as the basis for 
(Chemical, biological, or immunologital) 
pregnancy tests. Pregnancy can be detected 
before a missed menstruation. 

Contraception. A vast array of contracep¬ 
tive measures is currcntly available. Among 
the best-known are hormonal contraceptives 
which use substances such as estrogens and 
gestagen. Oral contraceptives work by in- 
hibiting the reiease of gonadotropin by in¬ 
ter rupting the signal for hormone sécrétion 
to the hypothalamus and in turn the pitui¬ 
tary gland, thereby eliminating the mid- 
cyde LH/FSH peak and ovulation (ovulation 
înhibitors). 

Other options indude intrauterine contra¬ 
ceptive devices (IUDI Chemical or me- 
ehanical barrier methods (e.g.. spermi- 
cides, diaphragm. cervical cap, or condom K 
and inhibition of sperm motility by ge- 
stagens (mini pii! K 

Figure D shows the position of the utérus in 
va nous stages of pregnancy. 
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A-C Section through prégnant utérus 
A3weeks B 5 wwks. C 8 weeks 
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Pregnancy: Placenta 


Placenta 

The placenta (A1 ) is coniposed of an embry 
umc/fetal part known as the chorion frondo- 
sum iBC2i and a maternai part known as the 
decidua basalis BC3 ). The chorion ( BC2 lis ini¬ 
tia lly entirely covered hy villi, but ulti- 
mately only its basal plate remains villous, 
The vilions portion is known as the chorion 
frondosum. with a villous surface area ot 
9-l4m J ; the remainder of the surface, the 
nonvillous chorion laeve, later fuses with the 
decidua to form the amnion which is about 
250pm thick. 

At birth the placenta is discoid. approxi- 
mately 20cm in diametcr and 3-4cm thick 
at its tenter (Al), and weighs 350-700g, 
The floor of tiw disk is made up of tiw 
decidua basalis (consistmg of utenne mu* 
cosa. maternai decidual cells) and "ex- 
travillou$~ trop/iob/asf cells whoso up|wr 
part is referred to as the basa) plate [RC3). It 
bounds the intervillous space (IVS) (BC71 on 
the utérine side The upper surface of tiw 
dise is formed by the choriomc plate (BC2) 
and forms the boundaiy between tiw 
placenta and the amniotic cavity A14i The 
chorionic plate is composed of a single laycr 
of amniotic epithelium (BC15), amniotic 
and choriomc connective (issue. and ex- 
travillous trophoblast cells with branching 
umbilical vessels C16 ), Tiw placental septa 
(decidual septal (BC4) projedmg from the 
basal plate toward the choriomc plate 
divide the discoidal placenta into smaller. 
convex umts known as placentomes which 
form fetomatemal circulatory unit*. 

Projecting from the choriomc plate BC2 
into these convex areas are 30-50 intri 
cately branching villous trocs (C5), They are 
attached by anchormg villi (07) to the basal 
plate and anchor the chorionic villous trees 
to the wall of the utérus (decidua). The 
space between the chorionic plate, basal 
plate, and villi is referred to as the inter¬ 
villous space (IVS) (BC7). The intervillous 
space is a circulatory comportaient in which 
the mother's blood circulâtes, bathmg the 
villi from tiw fêtai part of the placenta. The 
human placenta is thus a hemodioriaf 
p/acenfa. 


Until the end of the fourth month thevfl& 
are covcred by a bilayered epithelium, a 
syrwytiotrophoblast. and a cytotrophobiMM 
The syncytiotrophoblavt iBD6i. whose 
surface is covered by microviili surrounde# 
by maternai blood circulating in the inter¬ 
villous space. is formed by the fusion of cris 
and does not hâve any latéral mterceUulaf 
gaps, It forms the critical barner betweeg 
the maternai and fêtai circulations, absort* 
ing oxygen, nu trient s. hormones, and orher 
substances from the mother’s blood and 
leasing waste products. hormones, and cm 
bon dioxide into it. Oxygen f BC. red vesstfst 
is transported by the molher‘s vessels to trie 
fêtai blood. and carbon dioxide is releajB 
into the maternai blood (BC. blue vcsseBji' 
The cytotrophoblast f Langerhans ce/fe) iDg' 5 » 
mitially consists of a contmuous layer of 
cells. It beginsto break upduring the second ' 
half of pregnaiwy and is reduccd to 20% of 
its original size by the end of pregnancy. ,] 

The ufrrop/afcnfa/ arfenes lymg in the 
utenne wall and decidua basalis relcasc ma- 1 
tcrnal blood into tiw intervillous space* 
i BC7 1 through 50 me 200 openmgs (BC9f 
The blood flowv up toward the chorionic 
plate and into the subehona/ lake and then 
back down between the villi to the wide 
venousoutlcts(C10)of tiw basal plate 

Placenta) barrier. lhe fêtai circulation es 
separated from tiw maternai circulation hy 
the placental barrier DI U (Mother and fétus 
can hâve different blood groups.) AU 
nutrients exchanged between maternai and 
fêtai blood cross tiw placental barrier. In the 
early stages of placentation the barner con- 
sists of six layers: the syncytiotrophoblast 
(BP6). cytotrophoblast iD8», basal plate, 
connective tissue of the fêtai villi D12).and 
endothélium of the fêtai capillarws (013 , 
Uter it consists of only the syncytiotropho¬ 
blast, cytotrophoblast, basal plate, and en¬ 
dothélium, 

Clfnkal note. Léonins or micmlesions in the 
villi can resuli in leakagr (rt fit al blood into the 
maternai bkxxi U lhe mothiT i* Kh-rwgative 
and the feins is Kh-positive. the mother's im¬ 
mune System can become sensm/ed, possibly 
ihieatentng itie fétus in later Rh-poUtiw preg- 
nancies by di’velopment of Rh antihocltes. 


C16 Umbilical vessels, umbilical vein shown in 
red. 
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C Placenta, second halfof pregnancy 
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Birth (Parturition) 

Hormones involved in parturition. Delive- 
ry of the fétus is regulated by hormones. The 
fêtai adrenal cortex produces cortisol and 
procureurs for esfrogen synthesis and thus 
plays an important rote in the hormonal 
control of birth. Progestérone, which is pro- 
duced dunng the first four months of preg- 
nancy by the corpus luteum of pregnancy 
and afterward by the placenta, as well as re- 
faxin, inhibit uterine contractions during 
pregnancy. Birth »s immediately preceded 
by a drop m progestérone levels. The résulta 
ing increased proportion of estrogen to pro¬ 
gestérone depolarizes the myométrial cells 
which until then hâve been hyperpolarized 
by progestérone. Falling progestérone levels 
also lead to the formation of gop junaions 
between sniooth muscle cells which rapidly 
transmit impulses between myométrial 
cells throughout the entire myometrium. 
There is also an increasing formation of re- 
ceptors for oxytocin and a-adrene/gir hor¬ 
mones produced in the paraventricular and 
supraoptic nuclei of the hypothalamus and 
stored in the posterior lobe of the pituitary 
gland, the utérus becomes mcreasingly sen¬ 
sitive to these hormones. The myometrium. 
sensitized to oxytocin. contracts at regular 
■ intervals (labor). Delivery requircs a “rîp- 
ened" cervix. which remalnsclosed for the 
duration of pregnancy. The strong and fîrm 
consistency of the cervix containing col¬ 
lage/! fibers and ground substances softens 
during the last 2-3weeks before btrth be- 
cause of the steadily increasing volume of 
fluid. “Softening** of the cervical connective 
tissues results in greater elastwrity and dis- 
tensibility The cervix dilates, allowing the 
fêtai head and body to form the birth canal 
for delivery. The baby is “packaged** for birth 
with its head bent down and its arms and 
legs crossed (A). The head has the largest di- 
ameter of ail of the fêtai body parts: its pas¬ 
sage through the birth canal thus enables 
the rest of the body to pas* the cervix easily. 

Ai Utérus, A2 Placenta (umbilical cord hldden 
from view K A3 Internai os. A4 External os. A5 Uri 
nary blàdder. A6 Rectum. A7 Vagina 


Mechanism of birth. The head is the most 
helpful part of the fétus* body during birth. 
leading the body and forming the birth 
canal aremnd its patli. Cephalic présenta¬ 
tion is the most common delivery présenta¬ 
tion (B &%); 3% are breech births; oblique or 
transverse présentation occurs in 1% of 
births. 

The létal head enters the pelvic înlet (en¬ 
gages) toward the end of pregnancy orat the 
beginning of labor. The bony pelvis and the 
soft tissues of the cervix. vagina, and pelvk 
floor make up the birth canal. In the normal 
fcmale pelvis. the pelvic inlec (indicated by 
the linea terminalis (BS?, the boundary be¬ 
tween the greater and lesser pelves, see Vol. 
1 p 188 ? iv an oval aperture that is widest in 
the transverse plane while the oval-shaped 
pelvic outkt i between the pubtc symphysts 
{C9\. ischial tuberosities (BIO), and posteri- 
orly convex coccyx (Cl I ). see Vol. 1 p.1881 is 
widest in the sagittal plane, The fêtai head 
enters at the largest diameter of each with 
its largest diameter. Le., the sagurai diame¬ 
ter: in other words. it must complété a rota¬ 
tion of about 90 as it passes through the 
pelvis. After rotation, the head follows the 
concave path of the pelvis and its soft tis¬ 
sues (€12), Before passing below the pubic 
symphysis iC9). the head extends from the 
flexed position. Tlie shoulders pass through 
the transverse diameter of the pelvic inlet 
and then the sagittal diameter of the pelvic 
outlet: the head. which has already been 
delivered, makes another 90 tum in the 
same direction. The obstetneian assists thîs 
part of delivery by holding the head and rai- 
smg and kiwering it. allowing the antenor 
and posterior shoulders to emerge one at a 
time. 

Tlve soft tissues-cervix. vagina. and pelvic 
Boor-are converted during birth to l'orm a 
soft-tissue tube. 
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C "Crowmng" of fêta! 
head during birth 
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Birth (Farturition), cont. 

Dilatlon Stage 

In the dilation stage of active labor, the 
utérus contracts at regular intervals 3 limes 
every 10 mmutes flabor contractions), The 
sofi tissues which hâve kcpt the utérus 
closed - the cervix, vagina. and pelvic floor - 
are distended and stretched to form an 
anteriorly curving soft tissue passageway 
The îevator hiatus and the bufbospoiigiosus 
(Fil) muscle sling stretch and become lax. 
Itie pain associated with cervical dilation is 
due to myométrial contractions and hypoxia 
as well as distension of cervical tissuc and 
the tissues of the fesser pelvis. The dilation 
stage, which generally need not hc assisted 
by active maternai pushing, lasts about 
8-l2hours in nulhparas, and is shorter in 
multiparas. 

Contractions push the amniotic sac {"bag of 
waters") ICI ). consisting of the ommori and 
chorion (“extraembryomc membranes") 
and filled with amniotic fluid (“the waters"). 
through the cervix. A part of the sac 
précédés the head of the fétus ( BCD2 ), 
supporting the elastk: stretching of the soft 
tissues winch werc softened by fluid réten¬ 
tion dunng pregnancy. Tiw amniotic sac is 
pushed further through the cervical canal, 
passes the dilated extemal os. and finally 
appears tn the vagina. At the end of the dila- 
tion stage the bagof waters niprures, there is 
cervical "show", and the frequency of con¬ 
tractions increases. The next stage, the ex¬ 
pulsion stage, begins. 

Cervix of utérus. Cervical dilation (ABC4) 
involves active and passive factors. Passive 
widening is caused by sécrétions (C3) from 
the gréaily enlarged cervical glands (cl. A4 
cervical glands in the nonpregnam State) 
and venous pfexuses. Active dilation is pro- 
duced by tension from the descending 
bundles of muscle fibers from the utenis 
into the cervix and ascending bundles of 
muscle fibers from the vaginal wall as well 
as reconfiguration of its more circular ar¬ 
rangement of muscle fibers. In women 
giving birth for tiw first lime cervical dila¬ 
tion procceds gradually from the internai os 


(CDF5) toward thé extemal os f A-E6); multi- 
parous women may have a patulous exter- 
nal os even in the nonpregnant State. 

Vagina. Dîslention of the vagina, which ts 
approximately 10 cm long with a much 
wider lumen than the cervix, ts mostly pas¬ 
sive. The vagina stretchesas fluïds in its tis¬ 
sues and vcssels are squeezed oui and circu¬ 
lar muscle fibers and connective tissu* 
structures are rcaligned. 

AB7 Rect ou ternie ixnidi, A-üX Posicrior vaginal 
fornU 

Pelvic floor. T lie pelvic floor. softened 
du ring pregnancy by fluid rétention, pas- 
sivety st ret elles pcmwnfng”). The gréa test 
stretch occurs in the Ievatorani (F9) with ré¬ 
orientation of muscle fibers. The Ievator 
plate, which bounds the Ievator hiatus on 
either suie with its Ievator crura. is forced 
downward during birth so that its uppei 
surface is placed against thé birth canal. The 
sagittally oriented bulbospongiosi muscle! 
(Fil) also widen to firm a ring Tins causes 
considérable muscle tension in the per- 
ineum i central tendon of perineum F12). The 
obstetncian can protect the musclesagainst 
périnéal tearing (manual périnéal support; 
by using two fîngers to hold back the fêtai 
head during contractions and slowly guide 
it out of the vagina; in extrenw cîrcum- 
stances, an episiotoiny, a penneal incision 
can prevem tearing. After birth, the pelvic 
floor structures return to their original posi¬ 
tion. 

R3 Exierrul anal sphincter. M4 l-eial head 
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Pregnancy: Birth 


- 


Birth (Parturition), cont. 

Expulsion Stage 

The expulsion stage begins wnh full dilation 
of the external os. During this stage the in- 
tensity and frequency of contractions in- 
creases. and the mother uses rhythmtc 
abdominal compressions {abdominal con¬ 
tractions. bearing down) to help expel the 
fétus. Contractions now greatly shorten the 
utenne muscle, moving the utérus over the 
fétus (shaping it into a "fêtai cylinder" for 
easier passage through the birth canal) 
toward the fundus (rétraction). The fixed 
point of the utenne muscle, or that part pro- 
viding résistance, is "anchored" to the cer- 
vix and the round ligament of utérus (Al ) on 
either side. 

A2 Utenne tube. B3 Female urcihra B4 Vulva, B5 
Anus. B6 External os. B7 Internai os, B8 Placenta 

During expulsion, the fétus must pass the 
bend in the birth canal (B). Led by the 
smaller fontanelle, the fétus lies with its 
neck m contact with the pubic angle and ex- 
tends its head from the flexed position so 
that its face is directed toward the mother’s 
sacrum (see Fig. BC on p. 305). The back of 
the head passes first beneath the pubic 
symphysis through the vaginal opemng. fol- 
lowed by the face which faces the penneuni 
(occiput anterior position ). Delivery of the 
head is qukrkly followed by the shoulders, 
one at a time. and then the rest of the body. 
Next. the umbilical cord connecting the 
newborn to the in-utero placenta, is clamped 
and eut (cutting the umbilical cord), 

Delivery causes hypoxia and metabolio 
acidosis in the newborn. The accumulation 
of carbon dioxide in its blood activâtes the 
respiratory center in the brain. and the new¬ 
born begins to breathe with its first cry. At 
the same time. fêtai circulation is converted 
into postnatal circulation (see p. B). 

Expulsion of the placenta. After delivery. 
the myometrium contracts, producing the 
first afterpains, The utérus retracts to a 
length of 15 cm and the fundus is located 
near the level of the umbilicus. The placenta 
séparâtes from the utérus, disrupting the 
large uteroplacental vesselsand resulting in 


blood loss. or retroplacental hematowL 
Complété séparation of the placenta is indt* 
cated by the shape and firmness of the 
utérus which "risesT The placenta a 
delivered within 1 -2 hours after the fétus by 
pushing. and. if needed, manual assistance 
by the obstetridan or midwife. Fost partum 
utenne contractions also compress the 
utérine vcssels, controlling the blceding m 
the région of the placental bed and shrink- 
ing it to an area the size of the palm of a 
hand. 

Postpartum changes. About two hours 
after delivery, the entire soft tissue tube 
fornung the birth canal remains soft and 
distensible. indudmgthe portion formed by 
the bulbospongiosus muscle slmgand leva- 
tor hiatus which do not return to their origi¬ 
nal anatomie positions for several houn 
The cervix returns to its normal State by 
about one week after birth, 

The time between delivery of the placenta 
and complété return of the génital organsto 
their nonpregnant state-as wcll as résolu¬ 
tion of o t lier changes associated with p rég¬ 
na ncy-ta k es about 5-Gweeks. This stage 
is referred to as the postpartum period 
(puerpérium, childbed), During this time 
the utérus undergoes invo/urior? (apoptosis, 
atrophy. and breakdown of the extracellular 
matrix; the utérus loses about 1kg in 
weight} and qiuekly shnnks. After 10 days 
the fundus of the utérus is at the level of the 
pubic symphysis; the epithelium has been 
régénérât ed and the endometnum re- 
stored; and the internai os is dosed. The 
hcaling utérus sécrétés a postpartum dis¬ 
charge called lochia consistmg of blood. 
decidual tissue, leukocytes, and bactena. 
The b<xly mobilizes régional and systemie 
immune System functions against ascend- 
ing infections that could lead to childbed 
fever. 

Similar to the myometnum, utenne blood 
vesscls also undergo in vol ut ion. adapting 
to the decreased demand for nourishment 
A part of the vessels perishes. 

Size of the utérus C. Red - immediately 
after delivery; violet - day 5. black - 12 days 
after delivery 
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OverView Prénatal Period 


Human development begins wïth fcrtili/a* 
tion and proceeds as a continuum of mor- 
phologtcal and functional developments 
which may be dîvided into stages, culminât- 
ing in death The stages of human develop¬ 
ment can be roughly divided into a prénatal 
and a postnatal period. Birth is the event 
divtdmg tlve two, but tt is merely a temporal 
boundary and does not constitute t hc end of 
development. Before birth. the morphologi- 
cal and structural changes occurnng in the 
growing etnbryo (the unborn offspring in 
week s 3-8 of development) or fetmjfetusef 
(the unborn offspring from week 9 of 
development until birth) are not visible to 
the outside world. Postnatal niorphologkal 
and structural changes are visible and thus 
generally rceogntzed. 

In diagnostic gynecology and obstetrks. the 
âge and size of the developing embryo or 
fétus are calculated from the lîrst day of the 
mother's last menstruation. The period of 
gestation isalsocalculated from the first day 
of the mother's last nvenstrual cycle. Smce 
ovulation occurs around the day 12 or day 
14 of the cycle, however, the estiniated ges¬ 
tation period is about 14 days too long (A) 
CTinâcal calculations are based on a typical 
gestation period of about 40 weeks (corre- 
sponding to 10 lunar montlis of 28 days 
eacli). Yet the actual process of human 
development begins with fort il nation when 
the egg cell and sperm cell untte. The lime- 
line of embryofogtcal and niorphological 
development used in the rest of this chapter 
ts the refore based on a gestation period of 
38weeks, or 9.5 lunar months (B). It should 
be noted thaï because the exact date of 
fertilization is usually only an estîmate, any 
assessment of prénatal si?e and âge always 
involves a level of uncertamty. not least be¬ 
cause no timeline can take into account 
individuat structural development with 
complété accuracy. 


Prénatal development from gamete to 
neonate is a complex process of growih and 
différentiation that can be subdivided into 
different periods (C); the pre-embrywiic pe¬ 
riod consists of the fïrst two weeks, lastmg 
from the union of the gametes (fertilization) 
to nidation, or implantation of the fertilized 
oocyte in the utérine Iining, 

The embryonîc period covers weeks 3-8, 
which are characierized by formation of the 
pntnordîa. 

The fêtai period lasts from week 9 until birth. 
It is mainly characierized by gnoivrft and in- 
creosing vvefgfir of the fétus. 

Hk néonatal period extends from delivery 
until 28days afterward. It i$ divided into an 
early néonatal period (until day 7)and a lüie 
néonatal period (until day 28), I hepennaîû/ 
period spans the laiter part of the prénatal 
period and the early néonatal period, begin- 
ning before birth at the end of week 24 of 
fêtai development, covering the early 
néonatal period. and endmg with the begin- 
ning of the late néonatal period. Infants 
born du ring the pennatal period are con- 
sidered preterm or full-term nconates: loss 
of the fétus due to naturel causes before 
week 24 is termed spontaneous abortion or 
mîscarriage. 

Ultrasound évaluation of the developing 
embryo or fétus requtres sound knowledge 
of the major stages of prénatal Imman 
development for early identification of any 
abnormalines mvolving the pregnancy or 
fetal/embiyomc development. 
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Human Development: Prénatal Period 


Stages in Prénatal Development 

The eariy development al stages of the 
gamete (embryo) can be described and 
classified according to Carnegie stages 1 -23. 
The Carnegie stages are based on morpho- 
logtcal descriptions of outer and inner 
structures of the developing gamete and 
placenta and are the accepted basis for suh- 
dtvidmg eariy human development into 
phases. The followmg sections brtefly 
htghlight the main developmental events 
occurring in these stages, chiefly focusing 
on the embryonk prùnordia. 

Pre-embryonlc Perlod 

Stages 1-3 (Week 1). The first stage of 
human development, lasting 24liours, con- 
ststs of fertilization. In stage 2 mitotic cell 
dtvision (A), or cteovogr. begins. Mitotic di¬ 
visions give rise to daughter cells known as 
blastomeres which form a cluster of cells re- 
ferred to as a morula (B> (mulbeiry)once it 
reaches a stze of 12 cells or more. Ail of thèse 
developments occur while the gamete ts 
migrating through the uterine tube. After 
reachtng the uterine cavity. a fluid-filled 
cavity known as the blastocyst C) appears in 
the morula on the fourth day (stage 3). Cell 
différentiation in the morula produces an 
outer cell mass called the trophoblast CI) 
and an inner cell mass called the embryoblast 
(C2i 

Stages 4-6 (Week 2). In stage 4 the blas- 
tocyst attaches to the uterine linmg. Stage 5 
begins with the start of implantation, a 
process lasting from about day 7 through 
day 12 (D). The embryoblast forms the 
bilammar embryonic dise whkh ts com- 
posed of an upper cell layer called the epi- 
blast i:D2 a) and a lower cell layer called the 
hypoblast (D2 b The amniotic cavity (D3 ) 
ariscs in the embryoblast and is the first 
structure that can be visualized on a preg- 
nancy ultrasound The embryonic dise has a 
posteroanterior polarity . The primary yolk 
sac forms on the hypoblast side. 

Si âge 5 is charactenzed by différentiation of the 
trophnblast into the cytotrophoblasi and the syn- 
cyiiütiophoblast on the placental side. Ex- 
traembryontc mesenchyme devckipï and. to 
gerther with the irophnblast. fonrn ihe riionon in 
which lhe chortomir cavity anses, 


During stage 6 (E) formation of the primitive 
streak (E4) begins. The primitive streak ts a 
band of proliferatmg epiblastic cells at the 
caudal end of the embryonic dise thaï 
develops along the longitudinal axis of the 
embryo. The bilateral symmetry of the 
developing organisni is thus established. 

Stage 6 ts charaaertzed on lhe placent al sidr T* 
formai ion of rhoriontc villi 

Embryonk Period 

Stages 7-9 (Week 3). In stage 7 the develop¬ 
ment of the primitive streak continues, be- 
coming thicker at tts cramai end to form th t 
primitive kiiot { F5 ), The trilaminar embryonic 
dise . conlisting of the «toderm (12 a), me- 
soderm (E2 c), and endoderm (E2 b). begit» 
forming tgastm/arion) as epiblastic cell: 
from the primitive streak and primitive knoi 
migra te anteriorly and laterally and differ 
entiate to produce new embryonic cell lay 
ers. The hypoblast is replaced in the process 
A portion of the cells mtgrato from the 
primitive kivot cranially becoming the nofo- 
chordal (head) process which extends as fat 
as the prechordal plate (or buccopharyngea 
membranel At the caudal end of the embry- 
onic dise is the cloacal membrane . The cloa 
cal membrane and the buccopharyngea 
membrane remain d-evoid of mesoderm. Ir 
stage 8 the embryo eonsrsts of a trilaminai 
dise. A furrow called the primitive groovt 
forms in the médian plane of the primitive 
streak and ends with the primitive pir. The 
primitive pu expands into the nutochorda 
process and forms the chordal canal. In i 
sequence of complex events. the noforhorc 
anses around this canal, forming the primt 
tive axial skeleton. 

In stage 9 (F. €) neuru/üfkm begins, During 
this stage the neural plate (PC6) forms. con 
taimng the latéral thickened parts known ai 
the neural folds (FG7) and an unpairec 
gioovv in the nudline of the plate called th* 
neural groove (FGSl Midway along the 
neural groove, the first segmentai unit: 
known as Munîtes (1-3) (G9) appear. The 
primordial heart consisttng of the hean 
tubes is connectée! at the end of the third 
week of development to the embryonic 
circulatory System. 
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Embryonic Period, cont. 

Stage 10-12 (Week 4). Somïte formation 
continues in stages 10-12: there are 4-12 
somites in stage 10.13*20 somites (AB1 ) in 
stage 11 (ABJ, and 21-29 somites in stage 12. 
In stage 10 the neural folds (AB2j begin to 
close to form the neural tube. The brain 
develops at the anterior end. and the spinal 
cord forms at the posterior end. The cranial 
and caudal ends of the neural tube remain 
open, as the superior neuropore i AB3) and in- 
ferior neuropore (AB4), In stage 11 the em- 
bryo is curved and has a cephalic (B5 ) and a 
caudal folding (B6). Tlie first two pairs of 
branchial arches (B7) appear. and the optic 
veskles are visible. The superior neuropore 
closes. In stage 12 there are three pairs of 
branchial arches. The inferior neuropore 
closes and the otîc pit is visible. The 
primordial heart is composed of a loop in 
which contractile activity begins. The limb 
buds of the upper limbs appear. 

Stage 13-15 (Week 5). The embryo be 
cornes markedly curvcd and has 30 or more 
somites (the exact number is difficult to 
ascertain). In stage 13 four pairs of branchial 
arches can be seen; the lens platrode has 
been establisbed. and the limb buds of the 
lower limbs appear. In stage 14 the lenses 
" and nasal pit are visible; the optic cup has 
formed; limb différentiation continues. In 
stage 15 the cérébral vesides are présent 
and the hand plates hâve developed. 

Stage 16-18 (Week 6). Stages 16-18 arc 
characterized by continued différentiation 
of the limbs and development of the foot 
plate (C8) and finger rays (C9 In stage 18 
the elbow is visible and the toe rays appear. 
Ossification of the mesenchymal condensa¬ 
tions begins. Facial development mdudes 
formation of the aurîcular hillocks, the na- 
solacrimal groove, the apex of the nose. the 
cyelids. and retinal pigmentation. 

Stage 19-20 (Week 7). The flexure of the 
embryo decreases. since its trunk is length 
emng and straightenmg and its head is be- 
coming larger relative toits trunk. The limbs 
are also becoming longer, growing anten 
orly beyond the primordial heart. Rcstrktcd 


space in the abdominal cavity causes the in¬ 
testinal \oop of the midgut to herniate into 
the umbilical cord. 

Stage 21 -23 (Week 8). The stages in the last 
week of the embryonic period are char» 
terized by différentiation of the typical 
human featurcs. The head ftexure reduces* 
and the netk is established (DE 10) The ex- 
ternal ear (Dit) develops and the eydidi 
(D12) appear. The limbs become longer and 
the fingers (D13ïdivide inio separatedigiw. 
The tocs establish and chondral ossification 
begins. Sex-spedTvc différences begin to be* 
corne apparent on the external genitalia. 

Fêtai Period (OverView) 

The fêtai period is characterized by différen¬ 
tiation and maturation of organ Systems as 
well as a rapid growth of the fétus. The size 
of the fétus is measured ni centimeters m 
millimeters as crown-rump length (CRI) 
(sitting height) or crown-hecl length (CHL) 
(standing height). In ultrasound examina- 
tions the bipanetal diameter (BPD) of the 
cramum and the fémur length can also be 
determmed to help more precisely assess 
size and âge. The fétus weighs about 10g at 
the bcgmnmg of week 9 and about 3400g 
by birth. 

Major changes taking place during the fêtai 
period are measured in months, A main fea- 
ture is the apparent disproportionné 
growth of the head in relation to the trunk 
and limbs. At the beginning of the létal pe¬ 
riod the head makes up nearly one-half of 
the length of the body. at the end of the fêtai 
period is makes up only one-fourth. 
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Fêtai Period (Monthly Stages) 

Weeks 9-12. This îs a stage of rapid fêtai 
growth. By the end of week 12 of develop¬ 
ment the CHL has doubled. The neck and 
limbs. in partkular the upper limbs. in- 
crease tn size relative to the trunk (A), lhe 
face takes on a more human appearance as 
the eyes move from their original position 
on the sidcs of the head to the front, and the 
cars reaeh their final position on the sides of 
the head. The eyelids stick together. closmg 
the palpébral fissure. The intestinal loops 
lying in the umbilical cord retum to the now 
enlarged abdominal cavity by week 11 or 12. 
In week 12 final différentiation occurs be- 
tween external male and female genitalia. 

Week s 13-16. This period is marked by an 
extremely rapid growth of the trunk. neck. 
and limbs. The head becomes more ercct. 
Lanugo hoir appears on the body and the 
pattern of haïr growth on the head beconves 
recognizable. Ossification progresses and 
the bones of a 16-week-old fétus (B) are vis- 
ible on radiographs. 

Weeks 17-20. Fêtai growth slows and 
weight gain is minimal during this period. 
The lower limb segments hâve now also 
reached their final fêtai position (C). llie se- 
baceous glands secrete a fatty. cheese-likc 
material called verni* coseoso which pro- 
tects the skin of the fétus from the macérai 
ing effect of being surrounded by amniotu 
fluid. Hair appears on the head of the fétus 
and eyebrows on the face. The mother can 
now perçoive fêtai movements. Regular ul- 
trasound examinations are recommended 

m 

Weeks 21-25. The fétus continues to gain 
weight. Howevcr. because the layer of sub 
cutaneous fat has not yet formed and the 
skin of the fétus is growing quickly. it still 
has a reddish. wrinkled appearance. The fin- 
gernails are established, and the face and 
body already resemble those of a full-term 
fétus. Normally the fétus is not capable of 
survival ff delivered before week 25. when 
the respiratory System becomes sufftctcntly 
mature to support life, 


Weeks 26-29. With formation of a layer ofl 
fat beneath the skin. the body of the fetui 
becomes more rounded and plumper.Theit ! 
is a marked weight gain during this periwt, 
The eyelids séparâte and the eyes re npen 
(D). The eyebrows and eyelashes are wefl 
developed. The haïr on the head of the fétus 
grows. At this stage the fetuses can survive 
outside the womb. 

Weeks 30-34. The proportion of subeu- 
taneous fat to total body weight continues 
to inc reasc. The arms and legs betome more 
rounded. and tlve body becomes fatter. The 
skin has a pinkish hue. Although the fingef- 
nails already extend to the ttps of the fin* 
gers. the tœnails are just begmning to 
develop. In the male fétus the testes de¬ 
scend (desceusiis testis). 

Weeks 35-38. In the final month of preg- 
nancy the girth of the trunk of the fétus be¬ 
comes even larger. The attachment site of 
the umbilical cord has moved to the cerner 
of the abdominal wall. The toenails extend 
to the tips of tlve toes. and lanugo is shed. 
leaving uni y the verni x caseosa covermg the 
skin. In the male fétus, the testes descend 
into the scrotum, in the female the ovaneï 
remam above the lesser pelvis. 
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A Fétu*, week 9 




C Fétus, week 20 


B Fétus, week 16. skeletal development, 
altzarm red 
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The Newborn 

The average newborn weighs 3400 g and 
measures 360 mm (CRI), or 50cm (CHL). 
Fatty tissue makes up about 16^ of its body 
weight, giving tbe neonate a plump appear- 
ance. Us head is the larges! body part in 
ternis of proportion; its trunk is oval- 
shaped, and its largest diametcr is in the 
liver région. The thorax of the newborn is 
barrel-shaped (Al ). the abdomen long (A2). 
and the pelvic région ( A3 ) poorty developed. 
The proportionately shorter legs are bowed 
(varus position), and the feet are supinated. 
The amount of haïr on the head varies 
greatly. and it usually faits oui shortly after 
birth. At the time of birth the human infant 
is relatively immature and helpless coni- 
pared to the ofrspring of other primates. 
Comptetion of development and maturation 
of organ Systems is postponed until post¬ 
natal life. The morphological and functional 
characteristics can be summanzed as fol- 
lows: 

Musculoskeletal System. The bones of a 
néonatal are spongier than those of the 
adult and contain niore bone marrow. The 
neurocramum is considerably larger in pro¬ 
portion to the viscerocranium. Between the 
bones of the cal varia are fontanelles, the 
largest ofwhich is the anterior fontanelle (A4 
overlying the superior sagittal sinus; pulsa¬ 
tion from the superior sagittal sinus is 
transmitted to tlie overlying skin. This fon¬ 
tanelle closes in the second year of life. Ossi¬ 
fication is particularly advanced in the long 
bones (see Vol. 1 ). A sign of matunty is the 
présence of a second ary ossification tenter 
in the distal fémoral epiphysis (A5), 

Cardiovascular System. Tiw heart (A6) of 
the neonate is relatively large. Its heart rate 
is 120-140 beats per minute. Conversion of 
the fêtai circulation oecurs with dosure of 
the foramen ovale shortly after birth (see p. 
8) Respiratory System. After taking its first 
spontaneous breath. the newborn has a res- 
piratory rate of 40-44 breaths per minute. 
Its nbs are more horizontal, resulting in 
abdominal breathmg with the flatter dia- 
phragm performing most of the work of 
breath ing. 


Alimentary System. In the first months of" 
life. the organs of the digestive system aieî 
equipped for digestion of the mother's milM 
i>.. fiuid ingestion. In the first few daysof 
life the newborn exactes a viscouj 
greemsh intestinal discharge called 
comimi. The large liver ( A7 ) makes up abouti 
4% of the ncwborn’s body weight, 

Urinary System. The urinary bladder (Mi 
has not yet reached its final position in thfl 
lovser pelvis, and the ureters do not yet hâve \ 
a pelvic part. 

Male génital System. Descent of the testes! 
into the scrotum (A9)is a sign of matunty in] 
the male newborn. The external male geni- 
talia are relatively large, 

Female génital systeni. The large ovaries lie 
in the iliac fossa and hâve not yet reached 
tbeir final position in the pelvis. The cervix : 
of tbe utérus makes up about two-thirdsof 
the utérus.The external femalegenitalia ap- 
pear relatively large at the time of birth, 
Covering of the labia minora by tbe labia 
majora is a sign of matunty in the female 
neonate. 

Nervous System. Since the head of the new¬ 
born makes up one-fourth of the entire 
Ixxly in ternis of size, the brain is also pro¬ 
portionately large. The spinal cord extends 
to L2-I3 and myelinization of the corti- 
cospinal tract begins. 

Skin. The skin ol the newborn is thick and 
has only sparsc lanugo hair and a well- 
developed subeutaneous layer of fat (AI0 
The fingemails extend beyond the finger- 
tips, and there ts a deep fold in the plantar 
surface of the font. 

CJlnkal note. The overall appearance of the 
newborn is assesscd as sonn as possible after 
ddrverv. Cl i me al évaluation imludes heart 
rate, respiratory effort, musek tone, reflex re- 
spûnse to nasal cathéter, and skin cotor Pà- 
rameters an* sel accord ing io the Apgar score. 
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Human Development: Postnatal Perîods 


Postnatal Periods 

The néonatal period is followed by infancy 
which lasts until the end of the first year of 
life. Infancy is followed by earty childhood 
(2-6ycars). late childhood/preadolescence (7 
-lOyears), and adolescence (11-20years). 
Puberty descri bes the development s (sexual 
maturation) occurnng in conjunction with 
hormonal changes that begin a round âge 10. 
It is characterized by a growth spurt and 
development of secondary sex characteris- 
tics and ends when adult height is reathed 
and sexual matunty is complété. 

Body weight. The average weight of the 
newborn at birth is 3400g. By the âge of 
Smonths, its weight has doubled. and by 
1 year it bas tripled. By 2.5years the weight 
of the infant is four tunes its birth weight, by 
6 years itissixtimesgreater.by lOycarsit is 
ten timesgreater. Growth and development 
are measured during routine check-ups in 
terms of percemi/es. The 50th percentile 
represents the average figure in the healthy 
population, for instance, for weight relative 
to height (A), 94% of children are between 
the 3rd and 97th percentile. 

HeighL The newborn is about 50-51 cm 
long. The first two years of life are a period 
of rapid growth. after which growth slows 
for severa! years before speeding up again at 
the beginning of adolescente (“gnowt/i 
spurt "). An important cntenon is the rela- 
tionship between height and weight. With 
proper diet. height and weight percentiles 
should be roughly identical (B). 

dccc/enofion describcs an acceferaied increase in 
height and weight -comparcd wuh carfirr déc¬ 
ades-beginning at 7 years of âge Related to this 
is the earlier onset of menorc/wf (first menstmal 
period) which occurs on average 2yean carlter 
than in previous générât ions. 

Body proportions. The proportions of the 
body change dramatically between the 
néonatal penod and adulthood due to dls- 
proportionatc growth of the limbs com- 
pared to the Itead and trunk. In the newborn 
the head comprises about one-fourth of the 
total lengih of the body and in the adult only 
about one-eight h < C). The tenter of the new - 


borris body is near the navel; in the adult 
femalc it is at the upper margin of the pubic 
symphysis and in the adult male the iower 
margin. 

Body surface area. The relationship be¬ 
tween the body's sui face area and volume is 
greater in the newborn and child than in the 
adult. The surface area is about 025 m* 1 in 
the newborn. 0.5 m J in a 2-year-old. t m 2 in 
a 9-year-old. and 1.73 nr’ in an adult. Thts 
must betaken into considération in terms of 
drug dosages and isalsoan important factor 
in prognosisand management ofburn inju¬ 
ries. 

Skeletal âge. Physical growth of the child 
can be preciseiy assessed in terms of 
skeletal âge in relation to chronological âge. 
To détermine the number. sizc, and appear- 
ance of ossification corners. for instance, a 
hand radiograph (wnst radiograph) can be 
uscful and can also qutte aecurately predict 
adult height. 

Head circumference. The growth of the 
oranium is monuored during the first 4 
years and is measured in terms of head cir¬ 
cumference, which in most children corre¬ 
sponds to the percentile curves. Changes in 
size or delaycd closure of fontanelles or 
cranial sutures can be signs of microcep/ia/y 
and /iydrocep/ifl/y. 

Tooth development (sce pp. 162-165). 




Changes during Postnatal Period 321 



A Beight/weight percentiles B Age/weight percentiles 

The dashed red curve illustrâtes typkal changes in height and weight during the first 6 years ol 
life of a healthy girl 
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Glands 


Glands 

OverView 

Glandular cells arc epithélial cells whose 
principal task is to synthesize and secrete 
substances with a spécifie physiological cl- 
feet and Chemical composition. Sécrétion is 
the process by which raw materiab are ab- 
sorbed from the blood, synthesized within 
the cells, and released as a finished product 
Most glandular cells are grouped m clusters 
forming larger aggregates known as glands. 

Exocrine Glands (A) 

Exocrine glands secrete their discharge 
cither dircctly or through a duct onto an ex- 
ternal or internai épithélial surface. Glandu¬ 
lar cells can remain in the surface epitheli¬ 
um as unicdlular intraepithélial glandular cells 
(Al ) (goblet cells) and multicellular intraepi¬ 
thélial glands i A2 (e.g., olfactory glands), or 
they can grow downward from the 
epithelium of outer and inner surfaces as 
solid masses of épithélial tissue The con¬ 
nection with the epithelium becomes the 
excretory duct of ihese multicellular extra - 
épithélial glands (A3) (e.g., Bninner’s glands 
in the duodénum, sweat glands, apoenne 
and sebaceous glands). Glandular tissue can 
also leave the walK of the organ from which 
it originales to form extramural glands (e.g„ 
salivary glands of the oral cavity, lacrinval 
gland, pancréas: see p. 156). 

Ëxtraepithelial glands (A3, C). Extraepithc 
liai glands are collections of épithélial cells 
assoctated with a connective-tissuc frame- 
work to form an organ-like structure. They 
consist of a System of ducts and secretory units 
Dépending on its shape, the secretory end 
piete is classified as tubular(C1 X acinar (C2) 
(berry-shapedj, or alveolar (C3) (sac-like), A 
further distinction is made between simple 
glands, consistmg of an unbranched secre¬ 
tory unit (Cl) which can be straight (e.g.. 
gastnc glands) or coiled (e.g., sweat glands): 
branching glands in which several secretory 
umts open into a single duct ;C4-6). e.g.. 
Brunner's glands: and compound glands in 
which the duct branches into a tree-like 
structure of sinaller ducts. The secretoty 


umts of compound glands are cither pureïy 
tubular (C7). purely acinar (CSX purelyalve* 
olar (C9), or a mixture of vanous types 
Imixed glands, c.g.. tubuloannar). The bran, 
chtng duct System divides the gland into 
fobu/es and lobes 

Endocrine Gland* (B) 

Endocrine gland s are ductless glands (A4,5) 
that release tlveir secretory products hor- 
morvesi intemally (incretion i.e„ direetîy 
into the b/ood and lymph vessels or inter - 
cellular spaccs. I lormones are carried by the 
bloodstream ihroughout the entire body. 
Some endocrine glands develop from the 
surface epithelium (épithelial dcnvattvesjL 
after which the connection to the free 
epithélial surface tslost ( A4,5).whileothers 
arise from cells in connective tissue struc¬ 
tures (e.g.. interstitial cells in the testis). Still 
other glands are dérivatiVes of the neural 
crcst. indocri ne glands (B) indude the pimr* 
tory g/and (Bl), pinçai gland (pinçai body) 
B2 1 thytvid gland (B3 J, parathyrotd gfands 
B4), adrenal/supimenal glands (B5 ad ré¬ 
nal cortex and medulla i, Endocrine ce II aggre- 
gations are also found m other organs:thei** 
lets of Langerhans in the pancréas, collec- 
tively known as the m pancreatic islets “ B6\ 
liyüig cells m the interstitial tissue sur- 
rounding the semimferous tubules (B7 as 
well as theca lutein cells, granulosa lutein 
cells, the corpus luteun i (yellow body), and 
hi/ar td/s of the ovary BBj.The epithelium 
of spécifie organs (e.g., in the gastromtesti- 
nal tract and respiratory System) also con- 
tains individua! endocrine cells which are col- 
lettively known as the disseminated or diffuse 
endocrine cell System (sec p 364IU Thèse 
cell groups produce peptide hormones and/ 
or monoamine in addition to other sub¬ 
stances. Endocrine cells are abo présent in 
the hypothalamus , a région m the (lien- 
cephalon which contains numerous groups 
of neurons that produce neurohormones. 
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Light Microscopie Classification of 
Exocrine Secretory Units 

Secretory umts are cUssified as mucous or 
serous on the basis of morphology and 
staining pattern Th»s distinction is based 
purely on appearance. irrespect ivc of chem- 
I tcal properties of tlicir sécrétions. 


pUsmic rtticulum (B2) whete synthesis and post-j 
translaterai modification of secretory proteioM 
muünv and lipopmteinx occurs. Thèse are theu • 
carrted by transport vesicles lo the Golgi apparat» 
B3) and are parkagrd by its membrane mtn (Mp 
vrsides (B4i The d recharge-fil led vesides tilrt- 
inatrly bud off (BS) or are relrased by exocyrosfc 
B6; larger secretory granules are visible under 
light mrcroscopy. 


Serous secretory units (acini) (Al). Serons 
secretory umts are lined by tall. pyramid- 
sbaped, polarized cells whoso apices point 
toward the narrow lumen The apical cyto* 
plasm of these cells usually contains acid- 
ophilic secretory granules while the basal 
parts are basophilie due to the well-devel 
oped rough endoplasmic retteulum (site of 
synthesis of export proteins), The nudei are 
typtcally large and round, and are loeated in 
the basal or middle portion of the cell, 

txamplrs of purely serous glands are: the exocrine 
pancréas, paroiid gland, lacrimal gland, and 
Ebner’s clearing glands. Serons glands produit* a 
H'afrry. protân-rich disthorge 

Mucous secretory units (tubules) (A2). 

Mucous secretory umts are larger in cross- 
seetton than serous acini and hâve relat ively 
wide lumina. Their cells are tall and conical 
and point toward the lumen Their basal por¬ 
tions contain a r/iin s/ieer of cyropiosm with 
flattened nudei. The supranudear cytoplasm 
stams very poorly and has a lighi. pûlc-stom- 
tng.foamy appearance. Unlike serons acini. 
the cell borders of mucous secretory umts 
are distinct. 

Mucous secretory umtv secretc thick. watery. 
acidic mut u\ or murin which tonsisis of a mixture 
of mueôpruieins and glycoprotcms that. among 
ofher things. hâve a lubncating funuion Fumplo 
are; the mtraepithehal gublet cells. surface epi¬ 
thelium of the stomach, duodenal glands. 

Seront ucous glands. Seromucous glands 
contain bot h serous and mucous secretory 
umts. 

txample* mclude lhe sublingual and suhmandibu 
lar glands, in both of which mucous tubules pré¬ 
dominât*. but hâve serous cells cappmg their 
ends (serons derni/unes or half nwomi 

l'rodurtion of endocrine/exocrine sécrétions. 

Raw materais (ammn acids, ungar: are absorbed 
by diffusion or pinocytosis from the bloodstream 
B1 and enter the cistern* of the granular endo- 


Mechanisms of Sécrétion 

Merocrinc (eccrlne) (exocylosh). Merocrine 
sécrétion lexocytosls involves extrusion wittum 
expulsion of the cell membrane B6. ( I The secre*] 
tion-ftlled veacles, which are still surrounded by, 
a Colgi membrane, gather al on g the rnnei surface 
of the cell membrane. The two membranes fuseat 
the site Of contact, and the contents of the veside 
aie iransported outside of the cell without Umof 
any of the membrane Endocrine and exocrine 
sécrétion» leasing the cell in tlm fashion no 
longer prisses* a membranous covering imost 
commun form of extrusion of exocrine and en¬ 
docrine gla nds % 

Apmrïne, Ajxxrme sécrétion refers to extrusion 
and expulsion of the cell membrane BS C2 fhr 
membrane -c imTcd secret ion produces a bulgc 
on the apical surface of the cell and fmally bud» 
off. sometimes taktng a portion of tire cell s cyto- 
pUsm wit h It The secretory produit is enveloped 
in a membrane after budding off, e.g., milk fat 
globules m the lactating mammary gland 

Holocrine. Holocrme secrétion in volves extrusion 
and cell death C3 } and occurs only in seîaceous 
glands. The cells form large lipid dropfets and 
then die by means of programmed cdl death 
apoptoses l The cells of the gland are completel? 
transformed intn tts secretory product which il 
released by disintegration of the cell C.landutar 
celh must be cnntmually repUmished bv a basal 
cell iayer (régénération layer), 

Moletular sécrétion. Small molécules are tranv 
ported thrnugh the cell membrane by transport 
proteins (e.g, gasinc acid), or they pass directly 
thrnugh the cell membrane by mcans of their 
lipid «ilubihty (e.g.. sterokd hormones. thyroxine} 

Myoepithelial cells (A3) are cuntracttfe epithetul 
cells (ectoderm dmvatives) that lie betmvn the 
boso/ cell membranes qf the gland and/or the basai 
membrane a/ the epithelium fmmg the dutn and 
the basal lamina Myoepithelial cellv contain cou¬ 
rrai nie proteins (aettn and myosin filaments?, 
Contraction presumaldy "sQueezes oui' the 
serretory unit, imtiating the fkiw of sécrétions. 
Myoepithelial cells are found tn ail glands origi¬ 
nal ing from the ectoderm 
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Features 

total diarnete* 

Appearaftce 

Lumen 

Nucléus shape 
Nucléus position 
Cytoplastn 
Cet) bofxlm 
T'ight junctlons 
Secnrtory canal kuli 


Serosal secretory 
unit 

Smalter 

Acmus or cap 

Very narrow 

Round 

(almost) Basal 
Apical granule* 
Leu distinct 
Abwnt 
tmendlutoi 


Musc osai secretory 
unit 

Urgcr 

Tubüle 

Kelat <vely wtcle 
rtattened 

Basal, alcwig tin* w ail 
Ugbt, Ibamy 
More distinct 
Détectable 
Absent 



B Production of 
protein-containing sécrétions 
and sécrétion process. 
électron mitroscopy 


A Morphologie al classification of serous and mucous secretory 
units of salivary glands 



1 ExocytosK 2 Apocnne 3 Holocrine 

sécrétion sécrétion 


C Various sécrétion processes, 
light microscopy 
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General Prlndples of Endocrine 
Gland Function 

rhe terni “endocrine System" refers to the 
endocrine glands as well as the disseminated 
glandular cells located in various organs. En 
docrine glands are nchiy vasctilahzed or- 
gans which. unlike exocrine glands, do noi 
hâve exrrerory du as. Endocrine glands pro¬ 
duce Chemical signaling substances (hor¬ 
mones] which act as messengers and. to- 
gefher with the nervous and immune Sys¬ 
tems. facilttate communication betwcen 
cells and organs. Hormones are effective in 
minute concentrations, stimulating or in- 
hibiting the actions ofother cells and tissues 
by bindmg only to spcctfically structurer! 
rereptors on target cells. Receptors are 
classifted as eifher niembrane-assoaared or 
intracellular (cyfop/asmtc or mtranudear) 
receptors. Intracellular receptors usually 
bind lipophilie hormones (e.g., steroicl or 
thyroid hormones) which can penefrate the 
cell membrane. 

The glands of the endocrine system occur in 
dividuaîly or in poirs and are orgamzed hier- 
arrhiraWy, Glandular activity is regulated by 
feedback meihamsms: decreased hormone 
leveis in the* blood sttmulate the* release of 
hormones, while an increase in hormone 
ievels inhibits their release. Rcgulatory 
processes usually mvolve several glands in 
the hierarchy of glands. 

Types of hormonal signaling. Hormones 
secreted by endocrine glands (1 ) affect target 
tissues or organs (sometimes another en 
docrine gland) over greaf disfomres by send 
ing Chemical signais through the blood 
stream. 

Hormones of the autocrine/paracrine system 
1 2) only act in the onea immediately adjacent 
to their site ofsynthests . The endocrine cHI 
régulâtes itself as well as the* adjacent 
épithélial cells or nearby cellular structures 
(smooth muscle cells. mast cells. etc.) (see 
p.364). 

Hormones of the neurocri ne System fransmif 
in/onnafion locally. Neurosecretory cells of 
the central and penpheral nervous systenis 
release their substances (peptides, amines) 


via nerve fi bers and/or synapses as nf*'| 
rofransmiffers (3) or neiiromodidators; of j 
they secrete nei/rohormojles (4j which are J 
transported by blood vcssHs tu a neurohfj 
mal région (see p. 336). This allows them to N 
influence hormonal activity from a distance, I 

Hormone classes. Hormones can b* ¥ 
grouped according to their production site. : 
site of action, inechanism of action, or 1 
Chemical structure. For instance, they may I 
lu? tlassified as: 

steroids which are synthesized in the adreouf I 
cortex, testes, ovaries, and placenta (e.g, 1 
mineralocorticoids. glucocorticoids, aide* 1 
sterone. sex hormones): 

aminoacid drrivatim ic.g.. epinephnne, nor- | 
epinephrinc, dopamine, melatomn. se rotfljB 
nin): 

peptides, i.e., ami no acid chains (e.g.. hy- I 
pothalamtc regulatory hormones, tnsulinu I 
glucagpn); 

proteins (e.g,. gonadotropins. growth hor* j 
mone): and 

fatty acid dérivatives (eg.. prostaglandins). 

Mormone synihevis from precursor niolcruirv 

Some endocrine cells secrete more than ont? hor- 1 
mone, Peptide hormones can be en/ymatirally | 
ck'.ived by a coenmon precursor called a prepfe- 
hormoiHf to form a peptide famify “ The diagram ut 
< 5 ) Rives an cx.imple of a prrprohor mnne-the 2ttS 
amino acid proopiomelanocortln J POMt i and ils 
dérivât ivr* aming from prutcofyiic i (ravage (ante- 
rior pituitary hormones). In addition to sequencts 
of the stgnal peptides ACTH and fi-LPH, POMt also 
inrhides a terminal segmcni which represents rhe 
preoirsor molécule of -MSH 1‘roteolytic rieavagr 
of ACTH givcs rise lo u-Atttf and CLIP while p-LPH 
is ckuved lo form j-LPit and {Ytndorphm Hor¬ 
mones sccreied by a *ngle cell may also be 
derived from various precursors (6: oi bdotvg u» 
varwius rtassesof substances (71. This is especiafly 
truc for peptides and amines. 
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1 Endocrine sécrétion 2 Paracrine and autocrine sécrétion 




MSH | Meianacyte-stlmulating hormone 

ACTH | AdrenocortKntropic liùrmûne (cortteotropin) 

O IP | Crxtk otropin-Mo? intermedilate lobe peptide 

iPH % Upotropin 

IND | Endwphin 


6 Peptides w4h different precursors 
coexisung in a single cdl, exemples 


Snmatnstatin 

* Enkephalln 

Subsume P 

* Enkephakn 

Coftknlibedn 

* Enkepbalin 

CortkcHibefin 

* Vasoprevsin 

Vasopressfn 

• Dynorphin 

Oxylocin 

♦ P.mcmvyrnin 

îhyrnlrberin 

+ Somatosutm 


* Somatotropm 

Riyroliberin 

* Substance P 


7 Mcnoamme and peptides 
coèxKtmg in a singlecdL examples 


NorepinepJmne SomatmUtin 
I nkephafln 
Neuf otemin 
VasoprwsJn 
Dopamine Enkephatin 

Pane reo/y min 

Semtooin Substance P 

Thyrûfîbeïin 
Calcitunin 
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Hypothalamic-Pituitary Axis 

Cross Anatomy 
Hypothalamus 

The hypothalamus (Al, B) is formed by the 
lowermost portion of the diencephakm Arising 
from its caudal portion is the tubcr cin- 
creum, from which the funnel-shaped in- 
fundibular recess extends downward and 
becomes conti nuous with the infundibulum 
of the pituitary gland (hvpophyseal stalk) 
(A2, B;, Poste riorly it extends to the mammil 
lary body. rosirally ît is contiguous with the 
optic ihiasm (B). The anterior surface of the 
hypothalamus is the only région of the dien- 
cephalon visible from external. 

Fonction. The hypothalamus and us nuclei ton 
vtituce the main ctmirol organ frw auitmunw 
function as well as lhe main regulatory organ uf 
the endocrine system. which it commis by means 
of us connecuons to ihe piiuuary gland 

Pituitary Ctand (HypophyiJs) 

The cylindncal pituitary gland wetghs 600- 
900 mg and rests in the hypophysial fossa of 
the sella turcica In the sphenoïd bone at the 
tenter of the skull base. The hypophysial 
fossa is separated from the crantai base by a 
sheet of dura mater known as the sellar dio- 
phragm, in the center of which is an opening 
for the passage of the hypophyseal stalk, 
The pituitary gland may be divided into the 
adenohypophysis, an epithélial structure, 
and the neurohypophyvis. 

Adenohypophysis A3, B (anterior lobe of 
pituitary gland). The anterior lobe of the 
pituitary gland consists of the pars distalis. 
which makes up the bulk of the gland, the 
pars tuberalis. which covers the anterior 
parts of the infundibulum A2, B) and parts 
of the tuber cinereum: and the pars interme- 
dia (A4, B) which forms a narrow. imerme- 
diate zone bordering on the surface of the 
neurohypophysis, 

Neurohypophysis (A5, B) {postenor lobe of 
pituitary gland), The postenor lobe of the 
pituitary gland anses from the antenor ré¬ 
gion of the diencephalon and consists of 
nerve fibers and glial celis (pfrufcyfe;). It is 
connected to the hypothalamus by the in¬ 
fundibulum (hypophyseal stalk A2, B The 
funnel-shaped infundibular recess (B) pro¬ 


jets into the initial portion of the hypophy* 
seal stalk from the third ventricie: the bulgc 
on its posterior wall is known as the médian 
eminence B ). The post enor lobe of the pitue 
tary gland houses a functionally important 
vascular area (see p. 336). 

Topograplty. The piiuiiary gland may be div«ded 
intu the suprasellar and inlrasdUr parts. The »• 
prasdür pari crmsisis of lhe hvpophyseal stalk m- 
fundibulum and pars tuberafis of adenohypophytif} 
whuh lies m close proxmwy in the npti-r chiasm 
antenorly The luber cinmmm rests on the selUr 
duphragm. surrmiiuted by lhe cérébral artenaJ 
drcle. The infraseüar part consists cd lhe antenor 
and imddlc lobes of the adenohypophysis as well £ 
lhe rieurohypophysts rpogmur hbt) textradural 
position). 

Blood circulation (see Vol, 3. p. 200), The 
pituitary gland is normaily supplied by four 
arteries; the right and left inferior hypophy- 
sial arteries anse from the covemous part qf 
the interna/ carotid artery and join to form 
an arterial ring around the neurohypophysii 
(mande plexus), The inferior hypophystal 
arteries anastomose with the superior hy¬ 
pophysial arteries which originate from the 
cérébral portion of lhe internai carotid artery, 
The supenor hypophysial arteries pass to 
the anterior portion of the hypothalamus, 
the pars tuberalis of the adenohypophysis, 
and the hypophyseal stalk: a trabecular 
artery ascends in front of the hypophyseal 
stalk, passes through the adenohypophysis. 
and feeds the capillary loops of the neuro- 
hypophysis. The adeno/iypop/iysts is nat 
dtrectly suppheü by f/icsc arteries but instead 
reçoives its blood supply from a System of 
portai veins after entenng the hypophy¬ 
seal stalk thetwo superior hypophysial arteries 
divide into hairpin-shaped capillary loops 
(“spécial vcssels“) iprimary plexus i Blood 
from the pfcexus drains into one or two portai 
msels l hypophysial portai veins) which 
carry it to the adenohypophysis. There the 
vesselsdivideagain to form a sinusoid capil¬ 
lary network (secondary plexus ' surrounding 
the glandular cells Blood drains from the 
secondary plexus to the superlkial veins 
which empty into the cave mous sinus The 
capillary network of the posterior lobe 
anastomoses with that of the antenor lobe 
hui isatsodircctly connected with the blood 
vcssels of the general circulation. There is 
no portai venous System between the hy- 
pothalamusand the postenor pituitary. 
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Endocrine System: Hypothalamic-Pitultary Axis 


Microscopie Structure of the 
PItuitary Gland 

The pituitary gland is surrounded by a thin 
connective tissuc capsule (Al), At the pars 
tuberalis (A2) the capsule also surrounds 
the portol vesscls and arteries supplying the 
adenohypophysis. The veins undemeath the 
capsule form a venous plexus. 

Adenohypophysls (Anterior Lobe of 
Pituitary Gland) 

The anterior lobe of the pituitary gland {ad- 
enohypophysïs) Is composed of irregular 
strands and nests of épithélial cefls that are per 
meated by thin-walled sinusoid capillaires 
and scant reticular fibtrs Located between 
the anterior and posterior lobes of the pitui¬ 
tary is the pars intermedia which contams 
colloid-fi lied cysts f A3 X 

Glandular cells (A4, B). Various staming 
techniques may be used to examine the 
cells of the anterior lobe. Azan stain can be 
used to distmguish three groups of cells: 
audophilk iBG). basophilie (B7 J, and chro 
mophobic iBBj (poorly staming). Atido- 
philk* and basophilie cells secrete vanous 
hormones (cither polypeptides or giyto- 
proteins), The protein hormones somaio- 
fropin (STH) and pro/acfii? {PRL i are setreted 
by acidophilic cells and stain orange with 
Orange G, The protein hormone cortf- 
cotropin (ACTH) and the glycoprotcin hor¬ 
mones thynomopm {TSH), follitropin {fSH\ 
lutropin {LH), lipotropin (/JW). and me- 
lanotropm (MSH) are produced by basophilie 
cells that stain with PAS, 

Chromophobic cells are probably not directly 
involved in hormone production and arc 
thus not induded tn the table on p. 339 U is 
currently belteved that these cells are either 
precursors of hormone-produdng cells 
(stem cells) or degranulated (emptied) cells of 
any type whose cytoplasm stains very 
poorly or not at ail FollicuUr (stdlate) cells 
hâve long, thin processes that extend 
through the entire gland, incompletely sur* 
rounding the groups of glandular cells and 
dividing the anterior lobe into régions. 


These cells are apparently associated vvtlfi 
glia and are also chromophobic, 

lmmuimhistoihmmal techniques un also be 
used tw identify glandular cell types based on 
their hormonal secrelions. 

Cell arrangement, The vanous glandular 
cells in the anterior pituitary are neithef 
strietly distnbuted by type nor cvcnly diî- 
persed throughout the gland. About 50* are 
chromophobic. 10* basophilie, and 40* 
acidophilic The acidophilic cells produung 
STH and PRL lie mainly in the latéral parts of 
the pan distalis. while the basophilie tells 
containmg ACTH, MSH. and LPH are mostly 
found in the mura/ and anterior portions of 
the gland, Ih-c cells of the pars tuberalis pre- 
dominantly produce the gonadotropins FSH 
and LH TKS-productng basophilie cells arc 
frequent ly located in the amenor, central 
part of tht pars distalis of the gland. Chro- 
mophobk cells are not spectfk to any par¬ 
tial lar part. 

Electron microscopie jppearance. The vartously 
suming cells are ch.ir«ktrri/rd under cintirm 
mimmopy by ihtir rrnnbrine-cnclosed granule 
(vendes with rlrçtron-dense nurta). the kz,c of 
whuh depend\ on the hormone tontained withu* 
thr cell and ranges from 00 to 900nm. Celle also 
difrrr »n terms of chape and position uf lise 
granules as well as the appearance «f crgaito- 
plasin and Golgi c omptotes Hormone transport a 
by exocyiMk ImmumHTrtüun muroscopy altows 
détection «if spécifie hormones, 

Neurohypophysls (Posterior Lobe of 
Pituitary Gland) 

The postenor lobe of the pituitary gland, or 
neurohypophysis (AS), contams unmyeli- 
nated nerve fiben with cell bodies in hy- 
pothalanuc nuclet, axon endtngs. spécial- 
îzed glial cells called pituicytes, and a com- 
plex systetn of wtde-lumen capillaries, It 
docs not ton tain any nerve cells. Hormones 
synthesized in the hypothalamic nuclei are 
conveyed via axonal transport along the un- 
myelinated nerve ITbers to the releasing site 
from the postenor pituitary into theblood- 
stream ;rwurosecretion)(see Vol 3.p. 202). 

A9 tnfundibutum ihypophyveal stafk) 




Microscopie Anatomy of Pituitary Gland 



B Stairang patterns of cdls in adenohypophysis 








Endocrine System: Hypothalamic-Pituitary Axis 


Hypothalamus-Pituitary 

Connections 

Efferent Connections of the 
Hypothalamus 

The primary tasksof the hypothalamus (AB) 
are control of the autonomie nervou* System and 
the endocrine System. The hypothalamus re- 
ceives tnput via rcceptors from the pertph- 
ery of the body and other areas of the brain 
which it intégrâtes to serve broader func- 
tional tasks (e.g.. regulatmg metabolism. 
body température, cating, and reproduc* 
tion). There are two types of efferent path- 
ways from the hypothalamus: a neural path* 
way consistlng of efferent nerves that de* 
scend through the brainstem to viseeromo- 
tor nudei and also influence endocrine 
glands via autonomie nerves (see Vol. 3. p. 
194ff.): and a hormonal pathway that Controls 
other endoenne glands via the hypothala- 
mic-pituitary unit. 

Hormonal Pathway 

Information is carried by neurohormones 
which can be detected, bound to carrier pro¬ 
teins. in the perifcoryo (Cl), axons (C2). and 
oxon ends (C3) of neurosecretory cells. The 
neurohormones travel from the penkarya 
producing them along the axons to the ncu- 
rohypophysis where they are reteased. 
either in the distal neurohypophyrô iB4 
(main re/easing sire of effector hormones) or 
in the médian eminence (B5 (proximal neu 
rohypophysis. moin re/easing sire of recula~ 
tory hormones). Regu la tory hormones are 
transported by the portai vessels (B6) to the 
antenor pituitary (B7) where they influence 
the synthesis and sécrétion of antenor lobe 
hormones. Hormones are thus transported 
to the antenor lobe via specialized local ves* 
sels and not the systemic circulation. 

Hormones of the Hypothalamus and 
Pituitary Gland 

Only a small number of hormones seereted 
by the hypothalamus or pituitary gland act 
directly on target organs as effector hor¬ 
mones. Most act mdirectly as regulatory 


hormones; regulatory hormones seereted 
by the hypothalamus influence the activny 
ol the adenohypophysis and those seereted 
by the adenohypophysis influence that of 
the penpheral endocrine glands, The hypo¬ 
thalamus and pituitary gland form a func- 
tional unit and are connected to each üther 
by blood vessels, 

Kffector hormones. The hypothalamic hof* 
mones oxytocin and vasopressin act direct!) 
on target tissues. bypassing the adenohy* 
pophysis. They travel aiong the axons of 
neurosecretory cells to rcach the postenor 
pituitary where they are released mto the 
blood IB4 ){see Vol. 3. p.204).Theneurohy- 
pophysis serves as a site for storage and re- 
lease of oxytocin and vasopressin; it does 
not produce any hormones. The hypophyf- 
sial hormones somatotropin prolactin and 
melanotropin also act as effector hormones, 
that is. largely without involvement of pé¬ 
ri pheral endocrine glands, although there 
are exceptions. Somatotropin. for instance, 
acts via stimulation of the sotnaromedins in 
the Itver. 

Regulatory hormones. As the main contrai 
center of the endocrine glands, the hy¬ 
pothalamus exerts indirect control over pc- 
n p lierai endocrine glands by secret mg re¬ 
leasing hormones iwhose names are formed 
with the suffi x M liberin") and rtlease-inhtb- 
Hing hormones (whose names end with 
M -statin") which stimulate or inhibit the re- 
lease of anterior pituitary hormones Each 
anterior pituitary hormone has a corre- 
spondmg regulatory hormone, Regulatory 
hornwnes travel along the axons to the mé¬ 
dian eminence of the neu rohypophysis B5 
and from there through the portai vessds 
(B6) to the capillary plexus of the adenohy- 
pophys» i B7). 

The only reica si ng hormones currently 
known are those stimulatmg the releaseof 
ACTH. TSH. LH and FSH, Synthesis of these 
hormones is influenced by négative feed¬ 
back, Le*, an merease in hormone in penph¬ 
eral target tissues Icads to a decrease in pro¬ 
duction. The release of prolactm is inhibited 
by dopamine (prolactostatin or prolactm- 
rclease inhibitmg factor. PIF). 






Hypothalamic-Pituîtary Connections 



A IMeurosecreiory mm tear groups of hypothalamus, OverView 


OVLT 




C toeurosecretory neuron 




B PreoptK nuclei 

a - médial preoptk nudeus 
b - médian preoptk nucléus 
c - suprachiasmatk nucléus 

1 Supraoptic nudei 
® d - supraoptic nucléus 

e - anterior hypothalamic nucléus 
f * paraventritular nucléus 

■ Intermediate tuberal nuclei 

g - diiTSomedial hypothalamic nucléus 
h * ventromedial hypothalamic nucléus 
I - infundibular {arcuateï nudeus 

■ Postenor subthalamtc nuclei 
| » mammfHary body 
k - postenor hypothalamic nudeus 

OVLT • organum vasculosum of lamina terminale 


B Nucleîof hypothalamus (diencephalon) 
and portai System of pituitary gland 
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Endocrine System: Hypothalamic-Pituitary Axis 


Hypothalamic-Posterior Pituitary 
Axis (A) 

The perikarya (cell bodies) of the neu- 
rosecretory cells in the hypothalamic-pos- 
terior pituitary unit are located in the para- 
uentricular nudeux (Al ) and supraoptic nucléus 
(A2), groups of large neurons in the dien- 
cephalon. The hormones oxytorin and voso- 
pressin (antidiuretic hormone. ADN) are 
prodiKcd by neu rosecretory cells in tlvese 
nuclei and carried along their axons to the 
postenor lobe of the pituitary gland i A3 J 
where they are released into its capillary 
network. The axons carrying the neu¬ 
rosec retory substances form the hypothala* 
micohypoptrysial tract i A41 which travels in 
the interna/ mfundibular zone. Transport is 
visible as swclling of the axons which form 
Herring bodies (see Vol. 3. p. 204). Both neu¬ 
rohormones are bound to carrier proteins 
cal lcd neurophysins. 

The capillary network of the poslerior lobe of the 
pituitary gland [AS) is directly ronnected to 
the blood vascular System of the general 
circulation. Hypothalamic hormones stored 
in the axon terminais can thus travel 
directly to target t issues in the periphery of 
the body, As a site of storage and release. the 
postenor pituitary is thus a neurohemal ré¬ 
gion for the effector hormones vasoprcssin and 
oxytocin. 

Hypothalamic-Anterlor Pituitary 
Axis (B) 

Axons from the neurons of the small-cell 
nuclei of the hypothalamus, the infundibular 
nucléus B 11 and the posteromedial nudeus 
(B2) form the tuberoinfundibular tract 1B3) 
which courses in the exrema/ mfundibular 
zone. The relcasmg hormone s and ne/casc-iri 
hibiting homiones produced in the neuron 
cell bodies arc transported from the axon 
terminais in spécial vessels to the portai m- 
sebiB4)and then into the capillary network of 
the adenohypophysis (B5). Regulatory hor 
mones stimulatc the inhibition or release of 
amerior lobe hormones which in turn 
mostly influence the production and release 


of hormones of nther endocrine glands (e.g -! 
thyroid. ad rénal cortex, gonads), 

The cell bodies of the regulatory hormolH 
luliberin (CnRH ). somatostatm (SS), and îhy- 
ro/ibenn (TRF) lie scatlered ïn the per- 
iventricular zone (B6), Neural cell bodies of 
the same hormone are grouped to^ethe^j 
lying in separate régions that spécifie» 
produce “hyiiophysiotropie" hormone*.] 
CorticoUberin fCRH) cell bodies lie togetheri 
in the paravrntricular nucku* (Al protoc- 
tostmiii (PIF)and somaro/ibmn {CK-KH)ce| 
bodies lie scattered in the Infundibular nu* 
drus (B1), The infundibular nucléus is a 
readily distmgutshable parvotelluUr nu¬ 
cléus in the wall of the infundibulum.lt np- 
ccivcs neural afferents from other régions of 
the brain and régulâtes the release of regu- 
latory hormones m the nvedian emmence. J 

The eflerent processes, consistmg of unmy- 
elinated fibers projécting from the above* 
named nuclei (hormoneproduction sites)m 
the médian cmmence, form essentially sep* 
arate tracts for caeh System within the 
tuberoinfundibular tract (see Vol. 3, p 202J> 

Médian eminencc (B7; The médian emf* 
nence fonctions as a neurohemal région for 
hypothalamic regulatory hormones It consista 
of capi/iury loops that rachat? from external 
into the pituitary gland. The capillary loops 
are surrounded by penvasctrlar connective 
tissue spaces in winch the axons of the neu¬ 
rohormonal neurons end. Neurohormones 
from the nudei of the hypothalamus are re¬ 
leased herc and are carried by the portai vrs* 
sels B4) to th( adenohypophysis where they 
stimulât* the release or inhibition of ante- 
rior lobe hormones. Neurohormones appear 
in tlie axons and axon terminais as variably 
large veskles with dense nuclei. The pro¬ 
duction and release of neurohormones can 
be regulatcd either by humoral mecha- 
nisms, i.e„ via blood vessels from régions 
contaimng hypothalamtc nuclei. or by the 
central nervous System (e.ju influence of 
the psyché on theovanan cycle, influence ol 
tactile stimulation of the mpple on lacta¬ 
tion, etc.) 
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338 Endocrine System: Hypothalamic-Pituitary Axis 


Hormone* of the Hypothalamic - Posterior Pitultary Axis 


Hypothalamîc hormones and 
synonyms 

Refcase site 

Effect 

Oxytodn (OXT) 

(effet tor hormone) 

Postenor pttmtary 

Contraction i>l tensory smocifh munir celh 
|n the utcius (contractions), contraction ci 
myoepithduil cetts in the mammary gland, 
déficient if weak contractions 

Vasopressin (AVP) or 
antidluretic hormone (ADH) 

(effector hormone) 

Pcnteriof pttuitary 

tncreases hfood pressure and supports 
reabsorption of watei m the kKlncyv: 
delkfcncy feads to diabrtes tmiprdus 


Ri*guiatory Hormones - Rdeasing Hormone* 


Folliberin 

FolÜcle-StimulaUng hormone 
rdrasmg hormone ( or tac toi ) 
(fSH-RH* orfSH-RF) 

AJongtheloopvol 
the portai wssch 

In the externat 
InhmdiboUr rom? 

SümulaUn production and sécrétion ol FSH 
in the adennhypophysK 

Lullberin 

lotdnr/ing-hormone rdeasmq 
hormone (orfactor) 
fLHRHorlHRn 

Conackitropm rek‘a;.ing hmmone 
(ÜoRH) 

Along thekwpsnf 
the portai rnseh 
in the infernal 
infundibtiiar zone 

Stimulâtes production and sécrétion of FSH 
and tH in the aderiohypophysts 

Corticoliberln 

Corticotrapin-releasinq hormone 
(or factor) 

(CRH or CRH 

Along the tooptof 

Oie porta) vessets 
in the externat 
infundlbular zone 

Stimulâtes production and sécrétion nf ACTH 
m the adenohypophysn 

Thyroliberin 

Thyrrtf ropm-cdeasing hormone 
(or factor) 

(TRH orTRF} 

Along the loops ol 
the portai vessds 
in the externat 
irdundihular zone and 
médian emimmce 

Stimulâtes, production and sécrétion of TSH 
in tire adeoohypophysis 

Somatoliberin 

Somalotropinreleasing hnrmone 
for factor) nr grovvth hormone 
releasing hormone (or factor) 
(GHMtH or GH-RF) 

Along the loops of 
the portai vessets 
in the médian 
emmener 

Stimulâtes retease of somatotropin (SI H) and 
the gtowîh hormone (GH) in the 
adentiliypophysh 

ProUctollberln 

Pfoiactln*rrlrayng hoimone 
(or facto») 

(PRHorPRH 


St imulates produclion and sécrétion of 
prolactm rn the adrnohypotibysH 

Melanoliberfn 

Melanotropm reteasing hormone 
(or factor) 

(MRH* or MRF ) 

? 

Substance rekased in the posterior lobe of 
the pttuitary gland ttwrt presumaMy 
influences produc r ion and secreiioh of 
metanotropm in rite trwddlé iobe 


Regulatory Hormones - Releasing Inhibltlng Hormones 


Prolactostatln 


Irvhibits sécrétion of proUt tin In the 

RrolatiliA-retease'ln hihit i ng 
hormone (or factor) 

(PtH or PIF) (- dopamine. DOPA) 


adenohypopfiysh 
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Regulatory Hormones - Refease-lnhibltlng Hormone* (tont.) 


SomatosUtin 

Spmatot h »p in-release - 
Inhibftmg hormone (or factor) 
(SRfHorSKIF) 

Atong tbe loups of 
thé poi Ml uessds in 
[ht* externat 
fiifundfbulir üooe 

Inhibas sécrétion of somatotropin in tlie 
adenohy pophysH, inbibUs TKH-induard 
sécrétion of TSH; ëHc présent in disseroinaled 
«sdocdti* cdh of thé digestive tract 

Mdanostatin 

MHin ot ropHvrdra se 
inhibiting hormone (or factor) 
(MïM* orMIFî 


Presumabiy inhlbits sécrétion of mdanotr op*n 
in die middïe lobe of the pituitary gland 


*Thr «KhOme rbev? utktaof<n H posttiUrd on fhe twv» ol m n1m*t I findirujv thetr i Nwu ji compoUUOO js «ift 


Anterior Pituitary Hormones 


Hormone and synonyme 

Cdl description 
(stalning pattern) 

Granule 
dumeter 
(TEM)* (nm) 

Effect 

Somatotropin 

Growfh twi mono (CH) 
Sonutotrnpii hormone (STW) 

Somrtotropïc <ell* 
facktaphifk) 

m 

Stimulâtes growth in hdgbt; 
Influences carbohydrate and 
fiptd metabcHism 

Prolactln (PRL) 

Mammntrnpic hormone 
Lirteotropic hormone (LÎH) 

Mammoimpu or 
iattotropk celk 
(acidophilk) 

600-900 

Stimulâtes prolifération n< 
i nam mary gland t Issue and 

Jactation 

Folfîtropin 

F diale-stimulai ing 
liormonf (FSH) 

Gonadotropk 

tcb 

Î50-400 

Affects gonads; stimulâtes foflfcubr 
maturation and spcrrnatogcncsis; 
stimulâtes profiter atim of 
granukwa cdb, estrogen 
production and expression of 
lutropin receptors 

Lutropin 

luletni/ing hormone (tH) 
cxintmîitiaJcdl* 
vtimulaltiig hormone (ICSH) 

(basophilie) 

170-200 

Triggm ovulation. stimulâtes 
prolifération of foUicuUr epfchdW 
«fa and synthesis of progestérone; 
stimulâtes tpslosterone production 
m the interstiti.il ctfa (leydig cdïs) 
of the testes; general aoabok 
effect 

Tbyrotropin 

Tbyrotropic hormone 
or Lhyroid' stimula t rrtg 
hormone (TSH) 

Tliyi oliop* cdh 
(basophilie) 

60-160 

Stimulâtes thyroid activa y; 

Inc reases O, mtakeandprotdft 
synthesis. influences carbohydrate 
and fat metabûfhm 

Corticotropin 

Adrenotof trcotropic 
hormone (ACTH) 

Corlkotropic celh 
(basophilie) 

200-500 

Stimulâtes hormone production 
in the adrenal cortex, influences 
watet and electrolyte levels as wefl 
as carbohydrate storage us the Mver 

p- Y Upotrupin (LPH) 

üpormp«r cetts 
(hasophilk) 

200-500 

Mot suffidtfltiy understood in 
buiTwms 

o |i-MeUnotropln (MSH) 

Melanotrop* cetts 
(basophilie) 

200-500 

Metarun production, skin pigment 
al ion. protêt bon agamst UV rays 

lEndorphln 

(b.isophtk) 

200-400 

Opéoid effect 


* TCM * Transmission dectron microscope 
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Endocrine System: Pineal Gland 


Pineal Gland 

Cross Anatomy 

The pineal gland (AB1 J, or pineal body. is 
about 10 mm long and weighs about ifcOmg. 
The pine cône shaped (hente the naroe} 
pineal gland lies between the hobenulor 
commissure and tbc posterior commissure on 
the posterior wall of the third ventmle. The 
gréa ter part of the gland project s caudally 
beyond the roof of the ventncle. lying in a 
dépréssion between the two snpcnor col- 
Itculi f AB3j of the tertal plate. Between the 
two commtssures is the pineal rrcess (B4) 
which is covered by ependyma. The remain- 
ing surface is surrounded by p»a mater, llu* 
pineal gland is a cirninwentricular organ and 
is considered a neurohemal organ fsee Vol 3, 
p, 176). It is supplted by the médial and 
latéral posterior choroidal arteries which 
arise from the right and left latéral posterior 
cérébral arteries. Venous drainage is via the 
great cérébral vetn. 

Development. The pmeal gland is derivcd from 
the neuroepithelium of the dienrephalon in ihe 
roof of the ihird vemrfccle and remains connecied 
lo the brain via lhe habenulae AB2). Donna the 
course of phykigenesis, the pineal gland under 
weni a lomplex transformation from originally 
fum tloning as a photosensory organ i pariétal "eye" 
présent in reptiles i to serving as a neuroendocrine 
gland 

Microscopie Anatomy 

In humans, the highly vascularized pineal 
gland ts made up of compact cords and 
round clusters (C5 1 of parenchymal pinealo- 
cytes and astrocytes [which rescmble multi 
polar neurons in shape) embedded ina con» 
nective tissue stroma (C6). The pinealocyte 
processes, which hâve knob-like ends, con- 
tain synaptic ribbons that are associated 
with synaptic vçskies and termtnate to- 
gether with sympatrietre nerve fibers in the 
pericapillary compartment. 

Régression. Pineal tissue begms to deteriorate 
earfy in life and is replaced by areas nt glul crils 
which are formed by fibrous astmeytn. These 
merge lo fnrm nuid filled cysts that may force the 
parenchyme mto a narrow pcnpheral zone, 


Nearly ail adults haw brain sand, or corpora ac n- 
vulus fC7j, eomposcd al layerrd tolloidaf organfr 
matter thaï is imprcgnated wtth calcium suffi. 
Wmding around larger lalcium concrétions air 
retKular fibers, Larger aroimulaCkins of brais 
sand cnable {dentification of lhe pineal gland u 
radiographs. 

Innervation. The pineal gland is innervated 
by syrnpaf/ietir nerves whose cell bodies are 
located in the superior cervical ganglion The 
nerve fibm enter the cramum via the infer- 
no/ carofid nerve plexus and pass to the 
pineal gland via the penartehal nerve pkx* 
uses. The pinealocytes are modified photnre- 
ceptor cells which reçoive informât ion about 
cnvironmental lighting (quantity of light) 
from the retina. Intmpecscd along the neu- 
ron chatn thaï passes from the retma to the 
pineal gland are heypothalamk (suprachias» 
ma tic nucléus) and synipat/ietic nuclci. 

Hormones. Pmealocytes synthesize and 
secrete mdolc and peptides, esperially ce 
mélanocyte stimulattng hormone m-MSH and 
melatonin In amphibians. MSH induces the 
contraction of mélanocytes and thus light- 
ens skm pigmentation. It arts as an antago- 
nist to melanotrtsptn which is sccreted by 
the àdenohypophysis. Melatonin. which is 
produced only at night. is produced enzy- 
matically fiom serotonin. In humans it in- 
hibits the rdease of gonadotropic hormones 
and Ihus gonadal development.The thyroid 
is also thought to be a target organ of mcla- 
tomrt 

Clinkal note. Certain forrrus of pufattat prartm 

fptecociouv puberiy) are gmerally bebeved xo 
becamed liy hypofumtion of the pineal gland 
Rtxrnt researth has dvwn mrlaonin to be a 
hùthly rffmJw dnig wnh a broad specirum of 
eiïrcts. Studies hâve demonstrated thaï mêla- 
tonin help> ou j niera et msumma and jet lag. 
delays aging prix esses, fortifies the immune 
System, prcvmts heart disease tby leducmg 
cholestérol Icvels and l>lo<xl pressure). en- 
hances cancer t herapiev and hdps mmirm/e 
lhe adverse effeci s of radiaiton 
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Adrenal Glands 

Cross Anatomy 

Each of the paired, rétropéritonéal adrenal 
glands (suprarénal glandsj Al-2) con- 
tains two endocrine glands of diffenng phy- 
logrnetic ongin which merged to form a 
compact organ and are surrounded by a 
common connective tissue capsule, A me- 
soderma/ pan (coelom luicd by epithelium)* 
i.e.. the outer adrenal cortex (09). sur round s 
an ectodermal pan (sympathoblasts of the 
neural crest) forming the adrenal medulla 
(D10). Each of the adrenal glands, wcighing 
42-5,0g. is enelosed in a penreno/ fat cap¬ 
sule and rests atop the superior pôle of the 
kidney (AB1, AC2). On the posterior aspect 
of each gland hcre is the hilum whtch allows 
veins and lymphattc vessels to exit. Art erres 
and nervrs enter through numerous sites in 
its surface 

Topography. When viewed from anterior. 
the right adrenal gland (AB1 ) is triangular 
in shape with a distinct apex. The base of the 
adrenal surface lies directly on the superior 
pôle of the kidney and is curved to fit its 
countours. Its latéral portion lies against the 
médial crus of the diaphragm, overlying both 
the greatcr splanchntc nerve and the right 
parts of the celiac ganglion. Its anterior sur 
face is covered by the right lobe of the livcr 
and partly by the infenor vena cava. 

The left, more erescent-shaped adrenal 
gland (AC2) lies on the upper, media/ margin 
of the ktdney. It covers the grearer sp/anr/inic 
nerve and anteriorly 15 in dose contact with 
the omental bursa and posterior wall of the 
stornach, 

The adrenal glands project toward the pos- 
ténor wall of the abdomen at the height of 
the netks of the llth and 12th rite* A 
characteristic feature of each of the adrenal 
glands is the ctosc proximity of the ccliai 
ganglion or celiac nerve plexus (A3), as wdl 
as the dense and branching suprarénal nerve 
plexus whose fibers arise from the celiac 
nerve p/exus. splanchntc nerve. phrenie nerve. 
and vagus nerve and which pierce the organ 
through its surface. 


Blood Supply and Lymphatlc Drainage 

Arteries. Each adrenal gland is supplied by 
an arterial network lying on its surface that 
is fed by three sources: the superior su¬ 
prarénal artery arising from the in/ertor 
phremc artery-, the middle suprarénal artery 
arising from the aona (A4 ); and the inferior 
suprarénal artery arising from the rertnf 
artery (A5 ). I here are numerous exceptions 
to the typical pattern of arteries. Those near 
the surface of the adrenal gland give rise tp 
short artérioles that branch to form a capil- 
lary network which ultimately passes to the 
cortical and inedullary sinuses from which 
blood travels into the medullary veins, The 
inedullary veins hâve strong, irregularly dis- 
tributed bundfes of longitudinal muscle 
that art to eonstnet the vein ("throttle merfr- 
anism"), temporarily blocking blood flow. 
The adrenal glands are also supphed by per- 
forating art cries which pass directly to the 
adrenal medulla. 

Veins. Venous blood collects in a single cen¬ 
tra/ vein located in each adrenal gland. The 
central veins exit through the hilum of the 
respective adrenal gland as the left su¬ 
prarénal vein. which empties into the renai 
vein A6), or right suprarénal vein emptymg 
into the infenor vena cava (A7), 

lymphattc drainage. Tlve majority of lym 
phatic vessels leavmg the adrenal glands 
follow the course of the arteries. The pri- 
mary lymph nudes of both adrenal glands 
are the paraaortic and lumbar lymph nodes 
(AS). A few lymphatic vessels accompany 
the thoracie splanchnic nerves; after pass- 
ing through the diaphragm they reach the 
posterior médiastinal lymph nodes 
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Microscopie Anatomy 

The glandular epithelium of the adrenal 
cortex is surrounded by basal laminae and a 
reticular fi ber rvetwork. Rich in lipids, U ap- 
pears yeilow to the naked eye, The adrenal 
cortex (Al ) conststs ol three zones: 

Zona glomerulosa (B1). It i$ composed ol small, 
round ceIK with compact nudei and dense, granu 
lated cytoplasni- They comain abundant snioofh 
endoplasmic retkulum. scattered lysosome s, and 
Upid droplets The mitochondrie are predomi- 
nantly of the crista type Coursing belween 
clusters of colis are wide eapilUry sinuses thaï pass 
toward the interior of the organ 10 coni Inue as the 
radiating sirmsoid ca pi lianes of the zona fasocu- 
lata- Tbcir endothélium is fenestrated 
Zona fasciculata (B2). lis tells lie in parallel cords 
and sheeti They are nch in tiptds, cholestenn. and 
cholestérol esters which are liberated durmg the 
tissue préparation producing a foamy appearance 
[spongiocytes), They are aho rich in vtfamin A and 
vira mm C and contai n tubular or soccufar mifo- 
tfHMidrfa. 

Zona reticularis (B3). Its parrmhymal cclls are 
arranged in iwiiwwks or clusters The cells are rda 
tively small and contain lew lipide; their cyto- 
plasm is acidophilie. With advanoing âge, increas- 
ing anwunts of lipofuscin granules a (.cumula te 

Cortical remodeling pnicesse* (C). In the fêtai 
adrenal gland the zona retieulans is highly 
developed Jusi before birth it begins to undergo a 
physiologie^ involution and continues to atrophy 
during early posinatal lifr (dccrease m buman 
chorionic gonadotropic hormone), from agr 3 on- 
ward the definitive cortex dovclops remodding 
phase i and the proportion of cortical to medullary 
tissue increase*. rhe zona glomerulosa and zona 
fasciculata remain highly developed dunng adult 
hfe. At the onset of the ménopausé in women. and 
from âge 60 onvvard m men, the zona fasciculata 
becomcs thicker while the volume ol the zona 
glommilosa and zona reticularis dcarases, Corn 
cal remodeling zones are known as transit tonal 
zones. The outrr transitions! zone corresponds to 
the région compnsing the capsule, zona gRimeru- 
losa, and outer fasciculata région, and the inner 
transitional zones corresponds to the inner zona 
fasciculata région and the zona reticularis. 

A2 Adrenal medulla 

The adrenal cortex produies steroul hor 
morses whkh can be divided into three 
main groups based on tbeir functions: 


Mineralocorticoidv Tbesr are mainly produced 
in the zona glomervlosa They influence potassium 
and sodium IcvHs by inerrasing potassum exaction 
of and sodium rétention. The most important 
mmcralocorttcoids are aldostérone and desoxycord* 
camton g. 

Oinical Imreased sécrétion of miner- 
akxorticoids leads u> pnmary hyperaldoster- 
onism (Conn syndrome . Symptoms mclude/wgft 
blood pressure and /lypokalemio. Aldostérone 
and cortisol ck'fictency cause Addlson dkease 
wlwch Is marked by dimcal wgns of îow blood 
pressure, hyperkalemia. hyperpigmentation, 
and weakwss or fatigue. 

Clmocorticoids. These chuefly influence 
carbohydrate and protein meubolism as well 
as the immune System increasmg m blood 
sugar levels, redudng blood lymphocytes 
and inhibtting phagocytosis (immunosup¬ 
pressive and amnnflammatory effect). They 
are mamly produced tn the zona fasciculata 
and zona nefinr/aris. The most important are 
cortisol, cortisone, and cortkosterone. 

Ctinkal note. Increased sécrétion of glucocor- 
tKoids can lead to Cushing syndrome, whkh is 
characterued by truocal ukesity, a round face 
(moon face). rievatrd blood sugar, high blood 
pressure, ntuseufar wastingin the penphcry of 
the body. and osteopOfiws. Similar «gns can 
occur vvnh high-dose glucocorticoid thérapies. 

Androgens. Produced m the zona micu - 
laris. the ntost important are déhydroépian¬ 
drostérone (DHMA) and androstenedione. Te¬ 
stosterone is synthesized in sntall amounts, 

CJInteal note. Ilxccs* produciwm of adrenal 
andtügcns can cause adrmogenital syndrome 

Normal fumiion of the two inner adrenal cortical 
zones is dépendent on pituitary gland sécrétions 
fACnii, llxcept for mmeralocortkoids. it is mot 
precisdy known whnlt cHI forms or zones pro¬ 
duce whkh hormones Mineralocomcoids anse 
tn the zona gîomerulosa under lhe influence of 
the renm-angiotensin System of thé kidney. inde- 
pendently of the hv|w«h.ilamus-hypopbysis Sys¬ 
tem 
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A Adrenal cortex 
and medulla, overvtew 


B Histologie al section through adrenal cortex, 
cortical zones 



OZ - outér transitional zone C Agerelated transformation 

IZ Hnner tramitional zone of adrenal cortex 
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Endocrine System: Adrenal Glands and Paraganglia 


Microscopie Anatomy of the 
Adrenal Medulla 

Development. The medulla of the adrenal 
gland is denved from ncuroertodermof sym- 
pat/iob/asfs (neural crest) which. during the 
course of prénatal development, migrate in- 
ward through the fêtai cortex and differen* 
tiate Into several cell types. 

Structure. The adrenal medulla is mainly 
composed of spécifie medullary cells (AI) 
which are arranged in cords or clusters with 
wide sinusoïdal capillaries :A2) coursing be- 
tween them. The cells. which are shaped 
like irregular polygons. do not hâve any 
processes; their nuelet are loosely struc 
tured, and their weakly basophilie eyio 
plasm contains fine gmnule s which stain 
brown with chromium salts. hence the 
terms chromaffin or pheochrome cells. Cate- 
cho la mines epinep/mne and norepinephrine) 
are produced in the chromaffin cells and re- 
leased into the venons sinuses. Medullary 
chromaffin cells can also be tdentified 
under light microscopy as epinephnne (H) 
and norepinephrine (NE) cells based on 
different features of their granules. 

Epinephnne (E) celte. Epincphrmc-producing 
cells predommate taround 80ï) in the human 
adrenal medulla, Epinephnne cells are rieh in octd 
phosphatase and hâve a strong affimty for azocar 
mine, alihough they do noi rein 10 silver salis 
and do noi exhibit auiofluorescence, 

Norepinephrine (NE) cells. Norepinephrine relis 
exhibu autojluomeence and hâve an orgenw/pn 
siaimng pattern They make up about 5% of the 
total cell population of the medulla Their affinily 
for azocarmine te low. histochemically they ex¬ 
hiba a négative acid phosphatase réaction. 

Electron «nintucopy techniques can also he used 10 
differentiate chromaffin celte, Epinephnne cells 
comam electron-dense granules with an average 
dwmeier of 200nm. Norepinephrine cells are 
largrr. measuring about 260 nm, Given lheir 
ongin dironufTin cells mav be considered modifîed 
postgangtkuiK crtte of the sympalhrisc nervom syslem 
Similar lo the second neuron m the sympathetic 
part of ihe (penphcral) autonomie nervous Sys¬ 
tem, they are also innervated by pregangliunit 
(sympatheiK )cholinergic nerve libers. 

A number of neuropeptides tan also be focused in 
chromaffin cells and nerve endings using im 


munofluoresrence and immunohistochemical 
techniques These indude substance P. neuropep¬ 
tide Y. VIP. fVmdorphm. u-mdanotropm. soma- 
tostatfn. cwfytoan. and vosopressfn. 

In addition to chromaffin cells. the adrenal 
medulla also contains thick bundles of 
nerve libers and multipolar sympathetic gan¬ 
glion celte (A3) which hâve long processus 
and are lound scattered or dustered m 
small grûups. Satellite edte lie nearby. as well 
as between chromaffin cells. but are diffi- 
cuit to distinguish from connective tissue 
cells (A4). 

Ctlflknl not». Chromalhn celte can degenerate 
and givc rise to tu mors callcd pheochromocy 
t ornas général)y benign adenoma* which pro¬ 
duce rxtess caiechulamines. Uimc.il symp- 
torm indude high Wood pressure atcom- 
panied by severe hypertensive aises, heart 
palpitations, headacbe, sweating, and weight 
hss 

Paraganglia (BC) are nodular, pea-stzed 
épithélial structures lyingalong or within nmes 
that contain clusters or cords of chromaffin 
cells secreting catecholamines Paraganglia 
anse from the neural crest. similar to the 
adrenal medulla (suprarénal paraganghon). 
and thus arc also termed u extm-odrenal 
cftromajjin cells" (chromaffin bodies). Most 
free paraganglia, the largest of which is the 
(abdominal) aortic paraianglion (Zucker- 
kandl's organs at the origm of the infenor 
mesenierk artery), lie irregularly dispersed 
in the rétropéritonéal space. Other paragan¬ 
glia include the carotid glomus(carotid para- 
ganglion) (C). a chemoreceptor located tn 
the bifurcation of the carotid artery; the sub- 
davian paraganglion: the upper, middle. and 
lower aorticopulmonary paraganglia; and the 
nodose paraganghon Paraganglia. which are 
permeated by fenestrated capillaries, sé¬ 
crété substances in resjKmse to hypoxia. 

Carotid glomus: Nerve fibers (C5), Parenchymal 
celte (C6J. Capillaries (C7) 

B7 capilterres 
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348 Endocrine System: Thyroid Gland 


Thyroid Gland 

Gross Anatomy 

The thyroid gland develops from tiw epi¬ 
thelium of the floor of the mouth (pharyn 
geai gtit). It consists of two comtal. latéral 
lobes, the right lobe (A-CÎ) and left lobe 
( A-C2) whtch he on either side of the larynx 
and trachea and are connccted near their 
base by the isthmus of the thyroid gland ( AC3 ) 

The slze and weight of the thyroid gland can vary 
greatly. rangmg from 2-3g in the newborn to 
18-60g in the adulL It is usually a dark brownish 
red in colon 

Lobes of thyroid gland. Each lobe is4-8cm 
long. 2-4 cm wide. and 1.5-2.5cm thick in 
the middle. The right lobe is usually sligbtly 
widerand longer than the left. The lobes ex- 
tend obliquely upward from inferior to 
posterosuperior and are attached to the tra¬ 
chea. crkroid. and thyroid cartilage by loosc 
conneclive tissue and retnforcing ligaments 
from the capsule surrounding the organ 
(C5). 

Topographiral rvlationshipv The loties are tri 
angular tn crosv-settion: their aolenor surfaces are 
convex and their médial surface*, which lie adja¬ 
cent to the trachea and larynx, are correspond- 
ingly concave. Their posterior margins lie on either 
side of the sheathv of the great vrxsefe of the nrrfc 
(C7. p 121 ] The upper pôles of the lobes extend as 
far as the oMique Inw of the thyroid cartliage and 
the lower pôles to the founh or fifth trachéal ring. 
The mfrahyoïd muscles (C8) only pamally cover 
the thyroid gland. 1 he middle. or pretrochcal layer 
of the cervical /aida (Cil >. extend* over the thy 
roid gland and continues beyond it 

C12 Skm of neck. C13 Platysma, C14 Superfïcial 
layer of cervical fascia and sternocleidomasttxd 
C15 Deep layer of cervical fascia. C16 I sophagus, 
B9. BC10 Parathyroid gland. C6 Fibrous capsule 

Isthmus and pyramidal lobe. Normally mcasur 
ing 1.5-2.0cm wide and 0.5-1.5cm thick. the 
isthmus varies tn stze and shape or may ewn be 
absent alto&etbcr. A long projection extends 
either from its cramai border or from thaï of one 
of the lobes, usually the right lobe, and asc ends 
toward the hyoïd bono Known as the pyramidal 
lobe {A4 it is a remnant of the i/iyrogkjsîsaf duct. 
présent dunng fêtai development It also varies in 
size and vhapc and octasianally iv absent. 

Hbrous capsule of thyroid gland. The thyroid 
gland iv surrounded by a si rang fibrous capsule 
fC5* C6) consisting of two layers. The connective 


tissue Internai capsule (C5) ts tlun and adhereii 
dosety to the parenchyma of the gland. It snn 
vascularized connective tissue septa into the inte* \ 
rior of the gland, which se para te larger and 
smafier tabuto of thr thyroid gland. The exteroi 
capsule (€6J f surgirai capsule") is tougher and It 
considered part of tiw pretmcheal loyer of the cer¬ 
vical faseta The space béfwren the loosely ad Offert 
capsular laym is filled with loose tonnççtwtl 
tissue and contains larger branches of vessés as 
well as the parof/iyroid gland in ilv postenor por- 1 
tion m, BCIOj. The posterior and latéral aspect* i 
of the extcrnal capsule are connccted to the con¬ 
nective tissue of tlve cervical ncurovascular, 
bimdle (C7). 

Arterks. The thyroid gland ts one of the 
most highly vascular organs in the human 
body. Its blood stipply ts provided by two 
pairs of arteries. Tlve superior thyroid artety 
(A17). the fïrst branchof theexternal carotid 
artery, curves upward and gives rive to the 
superior laryugeal artery to the upper pôles 
of the latéral lobes. It supplies the superior , 
anterior, and latenil pans of the thyroid 
gland. The inferior thyroid artery. a branch of 
the thyrocervtcal tnink, asccnds to the level 
of C7 where it turns mcdtally and infertorly, 
it supplies the inferior. posterior. and médial 
parts of the organ. Occasionally. the un- 
patred thyroid imaartery is also présent. 

Vetns. The vetns dratnmg the thyroid gland 
are received in the upper part of the gland 
by the- superior thyroid vein (A181, which 
empties alone or with the facial vein into 
the internai jugular vein (A 19). The inferior 
thyroid veintarïsc from the unpaited thyroid 
plexus (A20), situatcd in the pretracheal 
space, and open behind the sternum into 
the brac/iiocep/ia/ic veins. 

Lymphatic vcssels. The lymplwttc vessels 
are also split up tnto an upper and a lower 
drainage basin, jwvsing from the upper and 
middle parts of the gland to the latéral cervi¬ 
cal nodevalong the internai jugularvein. The 
caudal lyinplutk vesscls connect to the 
anterior médiastinal lymph nodes 

Nerves. Sympathetic afferents rea-ch the thy¬ 
roid gland via postganglionic fibcrs derived 
from the superior cervical ganglion and cer- 
vkothoracic gangiion of the sympathetic 
trunk and enter it as ixrtarterial networks. 
Parasympathetic supply is from the superior 
laryngeal nvrvc and the récurrent luryngeal 
nerve. 
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A Position of thyroid gland, anterfor aspect 


B Position of thyroid gland, 
postenor aspect 
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C Position of thyroid gland in relation to viscera of neck. 
horizontal section, diagram 
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Endocrine System: Thyroid Gland 


Microscopie Anatomy 

The microscopie anatomy of the thyroid 
gland resembles that of an exocrine gland in 
that it is partitioned Into irregularly sized 
lobules consisting of épithélial cells arranged 
to form dosed follicle*. Serving as a type of 
"final chamber." the thyroid fallïcies store 
large amounts of a hormone-containing 
substance called colloid (Al l 

Thyroid follides. The walls of the vanably 
large (50-900 pm in diameter) spherical or 
tubular follicles are formed by a si/igie loyer 
of epithelmn wtth tight junctkm and dis¬ 
tinct cell boundaries. The height of the 
epithelium dépends on thyroid activity The 
épithélial cells arc Jlat or cuboidal when 
greater levels of sécrétion are stored (in the 
inactive gland) (A2); or co/umuor or even 
tall columnar dunng seerrtion production (in 
the active gland} (B2). The apical surface of 
the cell. whKh releases or resorbs sécré¬ 
tions, bears short microvilli (C3|. The nu 
cleus is usually centrally located; the cyto- 
plasm contains ail known cell organellrs 
Lipofuscm accumulâtes as a person âges, 
The surface of the follirle is surrounded by fine 
connecfive tissue fibers AB4: and a dense 
network of feneurated capillanes I C5, E), 

Parafollicufar or C cells (C6). The C cells lie 
in the interfollieular connective tissue as 
well as scattcred between the polarized. 
follicutar épithélial cells where they lie 
withm the basement membrane (C7) but do 
not reach the follicle lumen. Parafollicular 
cells contain abundaru muochondria. a well- 
developed Colgi apparatus, and membrane- 
enclosed gnanuies with a diameter of 100 
180 nm. They also contain the 32-amim> 
acid hormone cakitonin. as well as serotonm 
and dopamine, and probably also soma* 
tostatin. C cells dérivé from the neural crest 
during embryological development and are 
thus of neuroectodermal ongin. C cells are 
APIID cells (amine precursor uptake and dé¬ 
carboxylation). 

Hormones. The thyroid gland produces thy 
roxme (Ti) and triiodothyronine (Tj) as well 
as the hormone calcitonin. The principal 
biosynthetie product is T*; only small 
amounts of T* are synthesized 


Thyroxine and triiodothyronine stimulate the 
cellular metabolism and are cssential for 
normal physical and mental development. 
Cakitonin lowers blood calcium levels and 
supports bone formation. It is the antago- 
nist of parathormone. which is produced in 
the parathyroid gland, inhibiting the activ- 
ity of the osteoclasts and thus bone résorp¬ 
tion. 

Cltnkal note. EnLargemcnt of the thyroid 
gland 1 $ known as goder oî ihyrocek. In 
patient* with exeess thyroid hormone produc- 
non 1 hyprrthyrokiism, Baseduw’s disease) ceUs 
hum more fuel, lesulting in weight toss. in* 
treased body température, a rapid heart rate, 
and nrrvtius exritability Inadéquat* hormone 
production hypothyroédam 1 kads to skmed 
mrUholisrn. ditnirùshed growth and mental 
activity. and swelling of rubcuianeouv connec¬ 
tive ttiîtÉC. l.e, myxedenia Congénital hypottiy- 
roidivm can lead to snwll nature and crennésm 
(mental retardation 

Hormone production and sécrétion. Thyroxine 
and irwidoihyronine are produced in a senosof 
stops. They btud to ihyroglobulin. the pnmary 
synl hevrs produit of the fallkular épithélial cells, 
and are stored in the lumen until they are re- 
Teased as needed into the bloodwream. Thus. 
there are two opposing vequential reactions in 
lhe thyroid first ttiyregkbulin a dimeru protem. 
is formed in the follicular épithélial tells todide 
which is taken up from tin? blood by the basal part 
of the cells. is oxidi/ed in lhe présente of H jO ; lo 
form iodine It binds to the tyrmtor reddues of ihy 
roglobulin which by now hâve already been 
secreted Into the lumen of the follicte. lodinated 
tyrosine rendues tetratodothyroninc ur triiodothy¬ 
ronine -anse from varions condensation procès* 
ses. They are followed by the opposing process of 
résorption of follicle contents (t olloid which is 
vtimulated by thyrotropm (TSH) secreted by the 
amener pituttary Vtoirle* are formed for irans* 
port by endorytosis The vesicles fuse with lyso¬ 
somes kicated in lhe aphal cytoplasm of the 
follitular épithélial ceW* which sever lhe bond be- 
tw«n the hormone and thyrogteibulin. The hor¬ 
mone is thrn rrleased into the blood by diffusion 
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A Histoiogkaf section through thyrotd gland. B Histologkal action through 

foHickr htled wkh ("stadced") lecrrtoey thyrcwd gland, activa phase 

product(cofloidj 



Endocrine System 










Endocrine System: Parathyroid Glands 


Parathyroid Glands 

Position and structure. Ihc four parathy- 
roîd glands (B1) are derived from the 
cndodermal epithelium of the posterior 
diverticula of the third and fourth pharyn- 
geal pouches. Each lentil-shaped gland is 
roughly the size of a grain of wheat (5 x3 
x2mm). Weighing a total of 160 mg. the 
yellow or reddtsh-brown glands are nestled 
agaînst the posterior aspect of the latéral 
lobes of the thyroid gland, situated between 
the two layers of the fibrous capsule, The 
patred supenor parathyroid glands (dériva 
tives of the fourth pharyngeal pouch) are to- 
cated at the level of the couda/ margm of the 
cricotd cartilage. The paired inferior parathy¬ 
roid glands (dérivatives of the third pharyn 
geai pouch) are located along the base of tlie 
latéral lobes at the level of the third and 
fourth trachéal cartilages. The wide variation 
in position arising during embryological 
development is of surgirai importance. 

Neurovascular supply. Each parathyroid 
gland is supplied by its own parathyroid 
artery which stems from one of the thyroid 
arteries, usually the in/erior thyroid artery 
(B2), The veins open into the thyroid veins 
lying on the surface of the thyroid gland, 
and the lyniphatic vessels pass to the para¬ 
trachéal nodes. The nerves to the parathy- 
roids anse from the autonomie thyroid péri- 
arterial ptexusev 

Al-5 Pharyngeal pouches. A6 Extemal arouNtK 
mealus, A7 Cervical sinus, AS Infenor paralhyroid 
gland. A9 Supenor parathyroid gland, anows rep 
resent cell migration Bî Supcrior ihyroid artery. 
B4 Lsophagm. BS Trachea, B6 Creater horn of 
hyoïd bone. B7 Laimer triangle 

Microanatomy. The parathyroid glands are 
endosed in a délicate connective tissue cap¬ 
sule. The glandular epithelium is dense in 
some areas and more loosely orgamzed in 
others, interspersed with connective tissue 
fihers (C6) and adipose cells (C7) and per- 
meated by a dense network of fenestraied 
capillarie s (C8). Two types ol polygonal 
épithélial cells may be distînguished: chiel 
cells and oxyphil cells,The large and distinct 
water-ctear chlef cells (C9) are espedally easy 
to distinguish; their stamed cytoplasm ap- 


pears virtually empty due to the loss of 
lipids and glycogen during préparation. The 
cytoplasm of the usually smaller dark-staiii- 
ing chief cells. which also contam glycogen, 
contains fine, weakly addophitk granules 
and numerous mitochondria. The cell bodies 
of the oxyphil cells (CIO ) are larger than those 
of the chief cells, and they hâve a marked af- 
fimty for acidic dyes ( acidophilic ) due to 
their abundant tightly packed mitochondria. 
Their nuclet are small and occasionally 
pyknotic. With advandng âge the number 
of oxyphil cells inct eases, Their rôle is asyet 
undear. 

Hormonal effects. The polypepttde hor¬ 
mone parathormone (PTH, parathynn) is 
composed of 84 ami no acids and is believed 
to be produced by active chief cells. Para- 
thormone mobilizes calcium from the 
bones by stimulating ostcodasts to increase 
bone résorption resulting in an increase in 
the calcium concentration of the blood ( hy per¬ 
ça Icemta). At the sa me unie l y TH promûtes 
phosphate excrétion by the kidneys 
( phosphaturia) by inhibiting phosphate re¬ 
absorption in the distal rénal tubulc. Reab¬ 
sorption of calcium, magnésium, and 
phosphate in the intestines is increased. 

Cîlnkal note. Owrattivity of the parathyroid 
glands. byperparathyrokhsin K c.r. due to an 
autonomou* endocrine tumor of ihc paraihy- 
raid glands, causes increased excrétion of 
phosphate in the urine and clevated blood cal¬ 
cium tevek Excessive sécrétion of parathyroid 
hormone can cause pathologtcdl calcium 
déposas in vcssel walkas wcll as c.ilaum defi- 
ocncy affeetmg the skrtetal vystem which is 
associated with a compte* bone remodeling 
process. Parathormone deficieiicy bypopara- 
ihyroidism ; causes excessive mineraiization of 
the bones and teeth. Low tevels of calcuim in 
the blood (hypocakemia) can lead to gmeral- 
iaed ncummuscular hyperexcnobility Includ- 
ing cramps (tetany). Other hormones in addi¬ 
tion to PTH are also involved in booe formation 
and remodefctng; vttamin D hormone (caJritriol), 
which is produced in the kidneys, also pro¬ 
mûtes bone résorption, while caldiooin from 
ihyroid C cells mhibits résorption. 
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Endocrine System: Pancreatic Islets 



Pancreatic Islets 

Lying within or near the margin of the 
lobules of the exocrine pancréas (A) are the 
islets of Langerhans, collectively known as 
the pancreatic islets. Amîd the strongly 
staining exocrine parenchyma the 05-13 
million islets (with a diameter of 100- 
200 jim ) appear as pale round or ovoid areas 
consistmg of cords or columns of épithélial cells 
that are vascularized by blood capillaries. 
The clusters of endocrine cells may be in 
direct contact wit h exocrine acinar cells ( B1 ) 
of adjacent secretory end-pièces. 

Microscopie Anatomy 

There are fwe different endocrine cell types 
which can be distinguished in the islets of 
Ungerhans based on staining pattern and 
microscopie structure. Ail types produce 
protein hormones and thus hâve a well- 
developed synthesis and transport appara- 
tus consisting of rough endop/asmic rcti- 
cu/tmi, Golgi apparvtuses. and secretory 
granu/es. 

Alpha cells (B2) (about 15-20$ of ail islet 
cells). Most alpha cells lie in the penphery 
of the islets or at the margins of the îslet 
cords. abutting thecapillanes.They produce 
the hormone glucagon. a single-chain pep¬ 
tide hormone made up of 29 amino acids 
and pancreastatin, a product of ehromo- 
granin-A cleavage. 

Glucagon stimulâtes ihe releaw of glucose from 
glytogen (gfycogrnalysis | in the Iivcr U also siimu 
laies ihe formanon of glucose from amino acids 
{gJucontogenerô Glucagon Inoeascs blood sugar 
tanris and stimulâtes lipolysis 

Beta cells (B3) (nearly 80$ of islet cells). 
Beta cells produce insulin and are evenly dis- 
tributed throughout the islets. Insulin is a 
peptide hormone consisting of 51 amino 
acids. It is contai ned in beta-cell granules 
measunng 270 nm. B cells also contain 
GABA. an inhibitory neurotransmitter. 

Inuilin cumulâtes glyrogen synthesh in the liver 
and skektal muscles and rtdocei the blood sugar 
level Insulin defteicncy or inadéquate secrétion of 
insulin by the islets Icads to a nse in blood glu¬ 
cose levels i hypergtyccmia i Sérum glucose leveH 


consistenily above 120mg per 100ml are ç&k* 
siclrred "dialx-lK levels idübries meiitus Cchk 
versely. a dramatk decrease in blood gluoot 
k-veh. relatcd to excessive insulin. tan resuli t* 
loss of consriousness and respiratory paralysé 
i insulin \hock), Excessive insulin levels can recuit 
from omactrvity of the islets of langerhans, eg, 
as a resuit of a BiHf tumor, i.e., an fnsulmomi or 
is/ef cell odenoma 

Delta celh (about 5% of ail islet cells j. Delta 
cells lie mamly along the margins of the islet 
cords and contain homogène us secretory 
granules measunng about 320nm. The 
granules arc fi lied with somatostatin, a regu- 
latory peptide hormone made up of 14 ami¬ 
no acids. 

Somatostatin inhittts sécrétion of insulin and *!»• 
cagtin O cell lumorc. also known as somarosralk 
nomas. cause ekrvated blood sug-ir levels (dia* J 
betes mellilus), 1) cells also contain beta-endor -1 

phi n 

PP cells ( F cells) produce pancreatic polypep¬ 
tide (PP) which h also présent in the en¬ 
docrine cells of the intestinal epithelium. 

PancreatK polypeptide is an antagomst of choie* i 
cystokimn and inhibits sécrétion of exoenne pan- 
créa tic cells. 

Other cell types. Pancreatic DI cells. also I 
called VIP cells. contain the vasoactive in- *j 
testinal polypeptide (VIP) which dilates ■] 
blood vessels and increases lheir permea- ] 
bility. Castrm cells (C cells lare only found in I 
the islets of Ungerhans during embryonk 
and fêtai development. 

Blood Mipply and in nervation. The islets of 
Langerhansare fed by artérioles which arise 
as afferent wsscH from the lobular arteries of 
the exocrine pancréas and form an islet capil- 
lary network B4). The capillary plexus drains 
via numerotis efferent vessels on the surface 
of the islets into the 1 capillary System of the 
exocrine pancréas (portai System). The hor- 
mone-carrying blood from the islets flows 
ihrough the exocrine tissue of the pancréas 
and influences the acinar function before 
draining into the pancreatic veins whtch 
empty into the hepatic portai vein to the liver. 
Sympathctic and parasympathetic nerve 
fi bers accompany the blood vessels and can 
hâve synapses at lhe surface of the islet 
cells. 
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Endocrine System: Diffuse Endocrine System 


Diffuse Endocrine System 

Testicular Endocrine Functions 

Male sex hormones fandrogens) are pro- 
duced by the interstitiel Leydig cells ( 1 ) lying 
in the loose connective tissue (2) of the 
restes falong wïth anmyelinated and myeli- 
nated nerve fibcrs. fibrocytes, mast ce Ils, 
macrophages. and lymphocytes) between 
the convoluted seminiferous tubules (inter- 
tubular space)directly adjacent to the capil- 
laries (3). Each polygonal cell body contains 
a round nucléus with a prominent nucle- 
olus; its aadophfMc cytop/asm contains 
smooth endoplasmic réticulum, tubular mi* 
tochondria. alwndant lysosomes. Iipofuscin 
granules, and Rcinke’s crystals (4) which 
consist of proteins and appear under light 
microscopy as elongated. rectangular or 
rhombic éléments, 

Effects of Testosterone 

Prénatal effects. The induction of gonadal 
sex and testicular différentiation dunng 
embryomc and fêtai development occurs 
independenily of testosterone, for ail other 
organs of the male génital System, testos¬ 
terone aets as a spécifie growt h factor, control- 
ling the degree of manifestation of male 
traits (phenotype) in genetically male fe- 
tuses. preventing oblitération of the 
wolffian ductSt and promoting tlicir 
development into the séminal vcside and 
ductus deferens. 

Postnatal effects. Alter birth, the Leydig 
cells involute; in lhe newborn ihis is ex* 
pressed as a signifiant drop in 17-ketosteroid 
excrétion. At around âge 5, ketosteroid excré¬ 
tion gradually begins to increase and then 
rises sharply durmg puberty, indicating that 
the Leydig cells are fully fuiKtional. Ke- 
tosteroid excrétion reaehes its maximum 
levef by about âge 25, after which levels 
begin to décliné slowly. 

Testosterone directly affects the seminifer¬ 
ous tubules. stimulating sperm production 
(spermatogenesis). Testosterone secreted 
into the bloodstream acts on the séminal 
ducts and the development of the séminal ves- 


ide and prostate Testosterone promûtes the 
development and maintenance of secondary 
sex characteristics (muscle mass, distribution 
and pattern of body haïr, skin pigmentation, 
development of the larynx, and voice 
changes) and stimulâtes the sweat and se- 
baccous glands (pubescent acné). It also 
promotes libido and virility and influences 
gender-spécifie behaviors. Testosterone and its 
more potent métabolite. dihydrotestos- 
terone {1)1 fl) (5), induce the formation of 
androgen receptors in various target organs 
and the synthesis of 5u-reductase, an 
enzyme that converts testosterone into 
DUT. 

Hypothalamic-Pituitary-Testicular Axis 

Sperm production and testosterone sécré¬ 
tion are controlled by gonadotropic hor¬ 
mones secreted by the antenor lotie of the 
pituitary gland which aet on the testes. Inhi¬ 
bition and stimulation of hormone sécré¬ 
tion are rcgulated by a type of feedback 
meehamsm: gonadotropic hormones from 
the antenor pituitary stimulate lhe testes, 
while rising levels of testosterone inhibit 
gonadotropin synthesis in the adenohy- 
pophysis. This feedback meehamsm in¬ 
volves spécifie hypothalamic nuclei that 
secrete gonadotropin rcleasing hormone 
(CnRH) which influences the production of 
lutetnizing hormone (Lit) and follide- 
stinuilating hormone (TSH) in the antenor 
pituitary. Luteini/ing hormone acts on the 
Leydig cells to stimulate testosterone syn¬ 
thesis; and folliele-stimulating hormone pro¬ 
motes spermatogenesis and stimulâtes the 
production of fri/ribin by the Sertoli cells. 
Sertoli cells also produce ündrogeii-foinding 
protem (AB/ 1 ) (6). 

CMnlcal oot*. Dlmlnithed sécrétion of înhibin 
due lo a Sertoli cell defm causes persistently 
devated sérum LSH conceni rations and is an 
indicalor of severely impaired spermatogene 
sjs-hypcrgonadotropîc hypogwudisni A spécial 
form of this discase is the Klincfdtït syndrome 
a congénital chromosomal aberration typical 
for the karyotype 47, XXY 
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Endocrine System: Diffuse Endocrine System 


Ovarian Endocrine Fonctions 

The cffects thaï endocrine pnocesses hâve 
on bodily functions are particularly évident 
with regard to the female sexual cycle. The 
effects of the hypofhalamit-pituitary unit 
on the ovary are distinguished from the ef 
fects of ovarian hormones on the endomé¬ 
trial lining of the utérus (see p. 278), and in 
turn on the hypothalamus and pituïtary 
gland. 

Ovarian Cycle 

Pulsatile sécrétion of GnRH (- gonadotropin- 
releasing hormone, gonadolibenn), a hy- 
pothalamic regulatory hormone which is 
transported through the hypophysial portai 
System to the anterior pituïtary* causes it to 
synthesize and release the gonadotropins 
FSH (- foNicle-stimulaiing hormone, fol 
litropin)and LH {- luteimzing hormone). 

Days 1-4 of the ovarian cycle. FSH stimu 
lates the recruitment of several primordial 
follklev 

Follicular or estrogen phase, days 5-14. 
During this phase, the primordial follide 
matures mto a primary. secondary. and then 
tertiary follide. Between the days 5 and 7. a 
dominant tertiary follide is selected. The 
dominant follide develops into a preovula 
tory follidr which dunng the late follicular 
phase (days 11-14) synthesizes almost ail 
estradiol (E2). temporanly decreasing the 
release of FSH in the anterior pituitary 
(négative feedback effet! of estradiol). In 
addition, the dominant follide rrieases in 
hibin which also acts to inhibit FSH secré¬ 
tion. Rismg estradiol levels signal the ade- 
nohypophysîs to release massive amounts 
of LH (termed the U LH peak." a positive feed 
back effect of estradiol} as well as FSH. 
which teads to complété maturation of the 
egg cell around day 14 of the cycle and sub 
sequent ovulation. 

luleal or gestagen phase, days 15-28. 
Wiihin a matter of hours the follicular 
épithélial cclls differentiate (granulosa 
cells) formmg granulosa lutrin cells. and the 
cclls of the theca interna (see p. 272) be- 


conir estrogen-producing thécal lutein cells 
(luteinization). Transformation of the 
“empty** follide into lhe corpus luteum (yel- 
low body) can only occur under the in¬ 
fluence of luteimzing hormone; if there is 
no LH peak, ovulation does not occur. Pro¬ 
gestérone ( P ) and estradiol (E2 ) are produced 
by the corpus lutcum of menstruation, 
which exms a négative feedback on GnRH 
(and in turn FSH and LH)sécrétion. Iffertili- 
zation does not occur, ihe corpus luteum 
begins to degeneratc around day 23 and 
progestérone levds dedine. leadmg to 
isrhemia of the endomtirium which is sub¬ 
séquent ly sloughed off during the menstrua¬ 
tion phase ; desquamation phase; days 1 -5 of 
the new cycle). 

Two additional hormones are involved ir 
regulating the cyclical mechanism PRL (- 
prolactin, also called mamnvotropie or 
luteotropic hormone. l.THland PIF (- prolac- 
un-release mhibiting factor, also known as 
prolactostatin). Prolactin stimulatesgrowth 
of mammary gland (issue and induccs nulk 
synthesis and sécrétion. 

I liera folliculi. The theca folliculi consfsts 
of tlve theca iniema. whith is richly vascu- 
lanzed, and ih-e theca extema which comains 
abondant connective (issue cells. The pro¬ 
duction of androgen* mamly androstene- 
dione), the precursor substances for the 
biosynthesis of estrogen. is stimulâted in 
the theca interna by LH. 

Hilar cells. Hilar cells are epithelioid cells 
located in t he hilum of the ovary and the ad¬ 
jacent mesovarium. usually lying dose to 
vessds. They resemble the Leydig cells of 
the testes and produce androgène 

Follicular atresia. Most folliclcsdo not ma¬ 
ture to ovulation, but remain closed (afrertc) 
and die. Primary and secondary follides dis- 
appear without a trace, but atretic tertiary 
follides leave behind theca interna cells 
which form a functionai endocrine structure . 
and as mterstitial cells constante a per¬ 
manent source of estrogen. 

Corpus albirans. After the corpus luteum 
ceases functkming. it is replaced by fibrous, 
glistemng connective t issue scar 
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Endocrine System: Diffuse Endocrine System 


Endocrine Functions of the Placenta 

The placenta not only facilitâtes Use sélec¬ 
tive exchange of substances bctween the 
mother and fétus, it also produces numerous 
hormones and growth factors which regulate 
fêtai and maternai metabolism as well as 
placental function. Production of protein 
hormones and growth factors mai ni y occurs 
in the placental villi, which can be divided 
mto the syncytiotrophoblast (I) and the un 
derlying cytotrophoblast (2) (Langhans cells). 
Throughout the entirc gestational pcriod, 
cytotrophoblast cells are mcorporatcd into 
the syncytiotrophoblast, and at birth they 
cover only about 20% of the inner surface of 
the syncytiotrophoblast. 

Placental Protein Hormones 

Human chorionic gonadotropin (hCC). 
Du ring the first trimcster. human chorionic 
gonadotropin. which is synthestzed in the 
syncytiotrophoblast. is the prédominant 
protein hormone. 

Function. Du ring pregnancy. human choriontt 
gonadotropin prrvrtn* prématuré dégénérai ion 
fluteolyvis) of the corpus luieum in the ovary. Il 
also stimulâtes the production of progfttcfoii* by 
the corpus luteum of pregnancy. which mamtains 
the structure and function of the endometnum 
esvential for maintaming pregnancy; abnormal 
hCC biosynthesiv rcsults tn spontaneous abortion. 
Additionally, hCG influences testosterone produc 
tion in the leydig cells of male fetuses and. in 
femak* gonads, estrogens and gestagrns (mainly 
progestérone), 

CMnkal note. hCC is exacted by the kidneys 
and is détectable tn urine dunng the carly 
stages of pregnancy Détection of hCG. 
nowadays performed using immunological 
techniques, is the basis for most pregnancy tests 

Additional placental protein hormones are 
chorionic thyrotropin (hCT- human chorionic 
thyrotropin). chorion somatomammotropin 
(hCS - human chortomammotropin), and 
chorionic corticotropin (hCC - human chorio 
mccorticotropin). 

functions, hCS innuences the nietabolism of the 
mother. ft has anit-msufin effeets, increase* lipo- 
lysts, and évidently enfumes nutrient supply to 


the fétus, The biological activity of hCC resemblcs 
thaï of ACTII, 

Placental Steroid Hormones 

Steroid hormones and their precursors are 
continuaily exchanged between the mother 
and fétus through the “fetoplacental unit.** 
This is important because the letus and 
placenta are not capable on their own of 
producing ail of lhe products or interme- 
diatc substances involved in steroid hor¬ 
mone metabolism. Toward the end of preg¬ 
nancy. massive amounts of hormones are 
produred datly. 

Progestérone. Placental progestérone synthe- 
sis occurs mdcjXMidently and mereases 
stcadily throughout pregnancy. About two- 
thirds oï the progestérone produced in the 
placenta enter* the mothcr's circulation and 
about one-third etiters the fêtai circulation. 

Function The biological function of placental 
progestérone is to inhibit uterine contractions, 
numtam the decidua. and to promote différentia¬ 
tion of the mammary gland Durmg the first 
5-6weeks of gestation, production of pro¬ 
gestérone. which is stimulated by hCG. mainly oc- 
turs in the ovary After this liliK*. the placenta be- 
ccsmes the main source of progestérone, 

Estrogens. The placenta also produces 
estrogens which are converted from the 
steroid hormones cl t'iiydroepurndrostemne 
sulfate( DUPAS), wht< h is synthesized by the 
letus, and 16 a -Itydraxy-DHEAS. The pré¬ 
dominant form of estrogen at the end of 
pregnancy is estriol 

Other Placental Hormones and Growth 
Factors 

Growth factors. Duniig pregnancy, the growth 
processes are tegulaied by various hormones and 
growth factors. Growth uf the letus is chiefly 
regulatcd by insulin and insulindike growth fac¬ 
tors (fCKsonuiomedin). A placental growth factor 
is produced m the brush border of the syncyti- 
otrophoblast, mainly dunng the fini trimester, 

Placental releasing hormones and release-in- 
hibiting hormones. Gonadoliberin (GnRJt), corti- 
cotrtirrin (Cl» )L and sonutostatin are also produced 
in the cytotrophoblast of the human placenta. 
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1 Syncytiotrophoblast (on thé surface with fine mitrovilli) 

2 Cytotroplwhlast. Langhanvcell 

3 Hofbauer cell. macrophage 

4 Fêtai capillaries/sinuvoidswith érythrocytes 

5 FibrobUst 

6 Chorionic mesoderm 


Section through terminal vil lus of a mature human placenta, électron microscopy 
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Atrial Natriuretic Peptides—Cardîac 
Hormones 

The thin-walled trabecular parts of the atru 
and the auricle* of the heart (Al) contain a 
type of cardiomyocyte that has 0.2-0.4 pm 
wide membrane-covered granules with a 
dense core (B4). distinguishing it from the 
rest of the "working myocardium." These 
granules store a hormone that is produced 
by the caidiomyocytes themselves: the 28- 
amino-acid atrial natriuretic peptide (ANP) 
(cardiodilatin/CDD. atrial peptide), and its 
precursor. the 131-amino-acid proANP. The 
presence of these hormone-producing car- 
ci locytes. which may be referred to as "en¬ 
docrine cardiomyocytes" (B), demonstrates 
that the heart also has endocrine fonctions. 

Endocrine cardiomyocytes (atrial en¬ 
docrine cells). Similar to ventricular myo¬ 
cytes, the atrial endocrine cell possesses 
one or more centrally located oval nudei 
surrounded by an extensive sartoplasm 
containing myofibrils with mitochondria 
hetween them. Unlike ventricular muscle 
cells. the atrial endocrine cells hâve a wdl- 
developed secretory jpparatuy containing pro¬ 
files of rougli endoplasimc réticulum (B2). a 
well-developed Colgi apporatus ;B3(, and 
collections of speno/ized secrefory granu/es 
(B4 1 which extend nearly to the plasma 
membrane. These are released by exocyto- 
sis. in responseto atrial stretchand stimula¬ 
tion of the sympathetîc nervous System. 
Atrial endocrine cells also receive numerous 
afferents via a nerve plexus ofcatecholamin- 
ergie. cholinergic, and peptidergie fibers 
that presumably also play a rôle in stimulat- 
ing secret ion, 

B5 Capillary 

Function. Cardiac hormones play an impor¬ 
tant rote in regulating blood pressure, blood 
volume, and water-electrolytc balance. Tar¬ 
get orgarn include the tfdneys. vascutor 
smoorfi miisf/e. adrenal cortex, and evidently 
the pituitary gland . Atrial peptides reduce 
blood volume and blood pfessure in the kid 
neys ihey cause dilation of arterial vessels in 
the rénal cortex while constncting efferent 
vessels. At the same time ANP causes natri- 


uresis. ï.e M an tncreased discharge of sodium 
tons (Na ) by the kidneys. The glomerular 
filter widens. influencing tubular transport 
and altenng secreiory activity of the jux- 
taglomerular apparatus. Atrial peptides 
hâve an important influence on cells in the 
zona glomerulosa of the adrenal cortex 
which secrete aldostérone as well as on the 
vasopressin reteasiMn the neurohypophysîs. 
In both instances, activity is inhibited which 
ultimately leads to a drop in blood volume 
and blood pressure. 

Ventricular cardiomyocytes secrete a che- 
mically related peptide wù h a similar effect 
known as brain nairiuretic pepttde (BNPJl 
E levated plasma tevels of BNP are found in 
patients with myocardial insufficiency. 




A location of endocrine cdh 
in atria of heac t 
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Endocrine System: Diffuse Endocrine System 


Diffuse Endocrine Cells in Various 
Organs 

In addition to the compact endocnne 
glands* disperscd endocrine celte are also 
found within ihe epithelium of varions or* 
gans throughout the body. These widely 
scattered celte are coltectivety known as thé 
dissemmated or diffuse endocrine System, A 
common feature shared by the endocrine 
celte of the diffuse endocrine System {about 
40 different types) is that they contain bio- 
génie monoamlnc which is produced by their 
ability to absorb and decarboxylate the 
amine precursors (APUD cell concept or dif¬ 
fuse neuroendocrine System (DNESj), Civcn 
that many endocrine cells possess both re- 
ceptor and effector funet ions, and thus re¬ 
semble sensory and nerve cells, they are 
also referred to as parancurocis ' Diffuse 
polanzed endocrine cells may be dtvided 
mto two groups: 

Open-type celte (Al). The narrow apical 
pôle of these celte reaches the lumen of the 
hollow organ in which it is local ed. Open- 
type celte hâve mîcrovflli (A2). The apex of 
thé cell is thought to act as a receptor for 
luminat Chemical stimule 

Closed-type celte (A3). Closed-type cells 
hâve no connection to the fret épithélial 
surface 

In addition, some 16 different types of dis- 
seminated endoertne celte hâve been distin- 
guished bascd on their sec retory products 
and spécifie secretory granules. 

Eotmwndocrtae celte The broad îwved cndmrinc 
celte of the gastncnntestinal tract are oval. flask 
shaped. or pyramid-shaped, and rest on ihe base 
ment membrane (AC6i Their secretory granules 
are located in the basal part of the cell "basai 
granules" B8) and are tramported from there out 
of Hie cell by exocytosis j MA j. 

A few "çlassie" cnteroendütTine polypeptide hor¬ 
mones (e.g., gastrin and cholecystnkimn) are also 
found in the endomne pancréas (see p, 354). ton 
vrrsely. several hormones typieal of the langer 
ham islets are also found in the gaslrointestinal 
tract epithelium. These celte are therefnre also 
dassified as belonging to the gastroeniempan 
creatw (CEPi System 

Stomacte The siomach contain* mosily ckned- 
type endocrine telh whu h are evenly drstnbuted 
In the fundus and body of the stomach within the 
epithelium of the principal glands. 


Small mtrumr The duodénum, especially the 
duodenal cap, contams abundani endocrine cells 
in lhe crypts as well as srattered celte m the in¬ 
testinal villi and duodenal glands T ht 1 jéjunum 
and ileum contain fewer endocrine celte. Panrth 
celte i 139) teive apical granules lhat romain 
enzymes suc h av lysoiytne 

large intriHne. Endocrine celte of the large itï- 
tesiim* are mainly found al lhe base uf thccrypt*. 

ftespiralory systrm. The endocrine crite of the respi- 
ratory sysiem arc scattered throughout the 
epithelium uf the trachea and b rom h i groups of 
celte aire futind in the bronchioles, Becauseof their 
close relation to nervi* f»bm these celte are also 
called ni'tirorpuhdtrl bodies lhey are presumably 
fhemorerepfors thaï respond t« changes in Oj and 
CO; kvels in the blond 

ifrogemul system. Endocrine tdls are found in the 
epithelium of lhe uiethra, the uréthral glanth, 
and, m women. in lise Barthohn glands. 

Régulation and Mechanfsm of Action 

The actions of diffuse endocnne cdls are 
regulated by signais convcyed by the btood- 
stream and/or the autonomie nervous Sys¬ 
tem ('innervation at a distance'). Several of 
the hormones secreted by endoertne celte 
likcwisc enter the bloodstream to reach 
their target celte imechanism of endocrine ac¬ 
tion, AC5). 

A few hormones (amines or peptides) hâve 
limitcd local effects(paracnneaction).lhat te. 
they st i imilau* or inhibit neighbortng en¬ 
docrine celte (AC7 1 as wdl as normal epi- 
thelial celte (CIO) in the respective épithélial 
structure.Other possible target cells indude 
smootli muscle cells (CH), nerve fibers 
(CI2), and fret* connective tissue celte such 
as nust celte (Cl3 L Other endocnne celte 
régulât e local blood Jlow by direttly affect* 
ing the capillaries (AC5) or by indirectly 
stimulai ing the release of vasoacttve sub¬ 
stances by mast celte. 

Certain hormones are released by exocrine 
sécrétion at the apical pôle of the cell (AC4), 
Extracellular hormones of the diffuse en¬ 
domne System can influence the secretory 
behavior of the endocnne celte of the sa me 
type by virtue of a feedback mechanism (au¬ 
tocrine action). 

CtfeikjJ note. Diffuse endocrine celte can 
degeoerate and form tumou (neuroendocrtoc 
tumors, NET), (*.&, bemgn adennmav malig- 
nant taccmomas, and camnoute 
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C Endocrine gland telk (paracrine action), électron microscopy 
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Diffuse endocrine cell products and thelreffects 


Cell type 

Hormone Sfteofsynthesl* Stimub actlvatlng release Effect 

A 

Glucagon 

Alpha cells of isfets af 
Langerhans 

Decreased blood glucose 
concentration, protein* 
ne h meals, stremrous 
physknl acüvrty and 
stress, hypoglytemia 

Incceases fokiod sugar Jevels. Ant agonfct to 
insulln in the üver; breaks down glycogen 
fglycogenolysisj to suppîy glucose from the 

Il ver, stimulâtes gluconeogenesis and 
|i -oxidation of fnee latty aads in the liver, 
tipolytic effect in adipose tissue 


Insulln (A cham and 

8 charn) and Us 
pret ancre pcdnsuîln, 
preproinsiilln 
(storage hormone) 

Betaceibof îslets 
of Langerhans 

increase In blood glucose 
concentration 

Decreases blood vugar (ghreose utlHmion), 
inhtbits breakdown of 
proteins and fats (Üpogenk effect)» 
stimulâtes glycogen synthesls 


Soroatostatin (SiHj 

Delta cdls of isîets of 
Langerhans; fondus and 
pybfus of stomach. small 
and large intestines, nerve 
endfngs 

Fatty acids, glucose, 
pepttofesand blleacfds in 
the smaîl Intestine 

Reduces sécrétion of gastrk juiees and 
release of gastrin, reduces vagal actMty, 
Interdigestive motility. VIP and mottlin 
refease. and absorption of nutnents in the 
small intestine. 

Inhibes other endocrine celis 

DI 

Vasoaetive intestinal 
polypeptide (VIP) 

Neurons. nerve endings 

Newtransmïtters 

Causes relaxation of smooth muscles 
ivasodHation. sphincter control), stimulâtes 
intestinal sécrétion and release of various 
hormones, inhiblis release of gastnc acid 


366 Diffuse Endocrine Celis 







































ÉC 

Seroionin 

•Enterochromaffin cells“ 


Causes constriction of vascuiar smooth 


(5-OH-tryptamine) 

In pylorus. small and large 


muscle, intestinal walls. and bronchl; 



Intestines, scattered in 


Increases chotinergk secretomotor neural 



pancréas and bronchl, CNS 


activity 



Histamine 

“Enterochromaffin ceU$“ 

In the fundus of the 
stomach. mast cells 

increased vagal nerve 
activfty 

Increases HCl and pepslnogen seretion, 
acte locally to increase capillary 
permeability 


ENK 

Enkephalin 

Stomach. prédominant^ 
antrum. small and large 
intestines; m*rve endings 

7 

Inhibits effect of somatostatin 


G 

Gastrin 

Pylorus and duodénum 

Peptides in stomach; 
elevated pH of gastric 
juices. vagal efferents and 
high plasma catcchoiamine 
concentrations 

Stimulâtes gastrtc acid sécrétion by pariétal 
cells and pepsinogen sécrétion, elevates 
gasthc motilfty, especially perlstaltk waves 
în antrum of stomach, stimulâtes sécrétion of 
exocrine pancréas. gatlWadder sécrétion and 
contraction (pancreozymin effect); diminishes 
water and electrolyte absorption in small 
intestine: trophic effect (promûtes growth) 
on épithélial cells in stomach and duodénum 


GRP 

Gastrin-releasing 

peptide 

(GKP -bombesin) 

Stomach and duodénum, 
bronchi, nerve endings 

Elevated pancreatic 
sécrétion; elevated 
pancreozymin release 

Stimulâtes release of gastrin and thus 
gastric acid sécrétion; presumably 
paracrine effects on smooth muscle 
of bronchial walls in the bronchi 
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Diffuse endocrine cell product and their effects (cont.) 


Cdltype 

Hormone 

Site of synthesis 

Stimuli activa ting release 

Effect 

1 

Pancreozymin 

Cholecystofcinln 

(CCK) 

Duodénum and 
jéjunum 

Falty acids, amino acids, 
peptides and trypsin m 
duodénum; diminished pH 
levds in Intestine 

Stimulâtes pancreatic enzyme sécrétion, 
pepsinogen sécrétion, and bile duct 
sécrétion, increases gallbladder contraction 
reduces HCl sécrétion, stimulâtes islet cels 
and has trophic effect on pancréas; 
potentiates effect of sécrétions; induces 
feeilng of satlety (“satiety hormone") 

K 

G ucose-dependent 
insulirvreleasing 
peptide (CIP) 

Jéjunum 

Fatty acids, amino acids 
and glucose in duodénum; 
low pH levets in duodénum 

Antagonist to gastrin; promûtes insulw 
sécrétion, mhtbits HCl sécrétion a nd 
gastnc motlllty 

1 

Enteroglucagon 

Smatl intestine and 
colon 

Fatty acids and glucose in 
lleym 

Similar to A cells of pancreatic islets: inhiblts 
gastdc and intestinal motllity; trophic effect on 
épithélial cells in intestinal crypts 

MO 

Motllln 

Duodénum 

Fatty and bile acids in 
duodénum; diminished 
somatostatin levds 

Stimulâtes gastrit emptylng and motllity 

N 

Neurotensin (NT) 

Duodénum 

Fatty acids in small 

Intestine 

Inhibits sécrétion of gastrlc jukes; 
meai-stimulated rdease causes 
hyperglycemia after eating 

P 

Pancreatic polypeplde 
(PP) 

Pancreatic islets 

Peptides in small intestine; 
vagal acttvlty 



Diffuse Endocrine Cells 


































S 

Secretîn 

Duodénum and 
jéjunum 

Dmninîshed pH levds In 
duodénum; bile and fatty 
acids In duodénum 

Reiease of HCO -yich pancratic sécrétion; 
stimulâtes release of pepsin as well as 
intestinal, pancreatlc, and bile sécrétions; 
inhibrts gastric emptying and has an anti- 
trophic effect on gastric epithelium 


Tetragastrin (TC) 

Smail intestine 



Neuropeptide (NPV> 

Nerve endiogs 

Neurotransmitters 

Potentiates norepmephrine 

Substance P 

Nervo endmgi 

Neurolransmitters 

Stimulâtes smouth muscle contraction and 
stimulâtes sécrétion 


Distribution of selected 
gastrointestinal endocrine cells 
in thehumanbody 


Fundus Antrum Duodénum jéjunum lleum Coion Pancréas 



Castrin 

Secretin 

CCK 

CIP 

Motilin 

VIP 

Substance P 
Enteroglucagon 
Somatostatin 
Neurotensin 



Insulin 

Glucagon 

PP 
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Blood and Lymphatic Systems: Blood 


Blood 

Components of Blood 

The blood may be considered a type of fluid 
organ system composed of a coagulable 
liquid comportent, blood plasma, in which 
formed éléments, the blood celte, are su$- 
pcnded. Blood sérum (- blood plasma 
witbout clotting factors, i.c., proteins) îs ob- 
tained by allowing the blood to clôt and 
then centrifuging it, 

Blood volume. The total volume «f blood in the 
humao body is a functkm ol body wright A normal 
volume of blood (about St - of twdy wcirIu 1 is 
necessary to maimain circulation and homcosta- 
sis Hrmatocrir expresses the volume of red blood 
«Ils relative to total blood volume ( lOOT i which 
on average fs about 45t. 

Function. Blood facilitâtes the esdunReof mau?rf 
ah between cells (by ddivcrmg oxygen and 
nutnents and removing carbon dioxide and other 
waste products). It also transports hormones. ami* 
bodies. and immune cells and allows heat transfer 
through the skin to the sumiunding air by con¬ 
vection. 

Erythrocytes, The red blood ccll count dé¬ 
pends on the oxygen needs of the body and 
oxygen supply. The human érythrocyte is 
7.5 pni tn diameter (see p. 375) and does not 
hâve a nucléus. Its biconcave shape makes 
its surface optimal for gas exchange, and its 
elasticity is an important feature for miero- 
cîrculation. An érythrocyte consîsts of up 
to 90% tron-containtng heinoglobin, oxy- 
genated blood appears bnght red and 
deoxygenated blood dark red Immature ér¬ 
ythrocytes (about !%). or réticulocytes, con 
tain basophilie granules and reticular struc¬ 
tures (refiru/or substance ). The lifespan of an 
érythrocyte is 100~120days, after which ît 
is broken down, matnly tn the spleen and 
liver, The tron-free components of the 
hemoglobin give rise to bile pigments; in 
the liver tron is reused for erythropoiests in 
the bone marrow. 

Ctintcal note. An iifflerd number of nrlîcolo- 
tytr% ut Oie peu plierai bkiod following hlrmd 
loss is a sign of iru reased erythmeyte pmhu 
tton Polycythcmu u a sharp increase in the 
number of érythrocytes, anémia t$ a decrcascd 
red blood cell coum. The surface of the ery- 


throeyir bears glycobpids and gfycoprotetns 
tglyccico/yn macromoleciiles thaï contai n 
sugar and hâve amigenii pniperttrv Tbçse de- 
lermme an inibvKJti.il \ blood group ABO syv 
ten») 

Leukocytes. Wlute (dear) blood cells rc- 
semble anuxbac tn ternis of thetr rnove- 
ments. Leukocytes serve against infection 
and foreign substances in the body’s 
defense System. The number of white blood 
cells varies dunng the day depending on 
factors such as digestive and physical 
actrvity. A level exceedtng 10000/mm 1 is 
termed leukotytosls and below 2000/mm : 
leukopenia Types of leukocytes tnclude 
gram/kicytes, monocytes, and fvmphocyfes. 

Granulocytes. Mature granular lympho¬ 
cytes hâve lobulated nudei that are divtded 
tnto tndividual segments by indentations, 
hence the term segmented granulocyte Nu 
ciear segmentation is absent tn immature 
granulocytes, also known as f bands" or band 
cells. Depending on the stainabtlity of thetr 
granules, they can be dtvtded tnto three 
types of cells: neutrophilie granulocytes hâve 
small, a7uniphiUc granules containing lyso 
s omal enzymes and bactericidal substances 
éosinophilie granulocytes hâve densdy ar 
rangée! éosinophilie granules, which, simtlar 
to neutrophtls, are capable of pJtagocyfosrf, 
espedally of antigen-antibody complexes, 
and are also tnvolved in fmurfng allergie ré¬ 
actions. Thetr nudei hâve less segmenta¬ 
tion. Basophilie granulocytes contatn br- 
7arrely shaped. nonsegmented nuclet and 
coarse granules that appear blue-black wtth 
bastc stains. Thetr granules contain the anti 
coagulant fteparm; htsfamt/te which in- 
creases vascular iwrmeabihty and triggers 
immédiate hypersensitivity; and che/notac* 
tic factors. A decrease tn granulocytes leads 
to agranulocytosis 

Thrombocytes. Blood platelets are not in 
dépendent cells. but trregularly shaped 
fragments of pmched off megakaryocyte ry- 
top/asm. llvey disintegrate easily, reieasing 
thromhoktnase which is active tn blood clot¬ 
ting; they also transport the local vasocon 
strtetor serofonin. 

TTiromhocytopenia * plotelrt ckTiiinuy 
Thiomhucytmis - excevs platelets 
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Red blood celte (érythrocytes) 


Platelets (thrombocyte). 
Ilght and électron microscopy 



Neutrophilie granulocyte Eosinophilie granulocyte Basophilie granulocyte 



WÊ0 


Monocyte 


B Celte ptoduced in lymphoid organs 



Eosinophilie granulocyte, 
électron microstopy 






< 


Small lymphocyte 


Large lymphocyte 
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Slze (diameter) of various blood ceils 


6.5-9 pm 9-12 pm 11—14 nm 8-11 pm 12-20 pm 


S • O * o 

ytbrocytes Neutrpphdis fosmophils Basophile 


Monocytes 


Granulocytes 



lymphocytes Megakaryocytes 


Important Proteins In Plasma and Sérum, and their Functions 


Proton 

Concentration (g/l) 

Fonctions 


Albumen 

15-33 

Maintaim colioid osmotrc pressure in the blood; 
transport of Ca bwlirubtn. fatty acids, and otber 
kpophilit substances 


a | -Globulins 

3-6 

Transport of lipids and llpoproteins, thyrcwm. 
and adrenal cortical hormones 


a? -Globulins 

4-9 

0*i<tase fonction, plasma inhibltor 


H -Globuilm 

6-11 

Transport of kpoprotelns and fron, complément 
proteins 


1 Globuilm or tmmunoglobulim 
(KA* IgD, IgL IgG, IgM) 

13-17 

Majority of clrculating antibodies. Immune 
défense mecharâsms 


Fibrtnogen 

Prothrornbln 

2-43 

0 13-0.15 

Coagulation (flbrin pretufsor) 

Coagulation (thfombtn pfecyisor) 
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Blood and Lymphatic Systems: Blood 


Hematopoiesis 
Prénatal Hematopoiesis 

The site of embryonic and fêtai production 
of blood cells, or hematopoiesis, changes 
several times during the course of prénatal 
development. Hcmatopoietk phases mav 
be divtded as follows (C): 

Megaloblastic (mesoblastic) phase. About 
2weeks after fertilization hematopoiesis 
begins in the extraembryonic mesoderm of the 
yolk sac wall and embryonic body stalk. Tiw 
mesenchyme of these sites or blood islands 
gives rise to hemocytoblasts as well as angio- 
blasts, precursor cells of the blood vessel en 
dothelium, By the end of the third week, 
embryonic and extraembryonic blood ves¬ 
sel s are connected and begin to convey 
blood.The large red blood cells( 15-lSjim in 
diameter), which at this point still contain 
nuclei, are termed megaloblasts . There are 
no granulocytes or lymphocytes. The mega¬ 
loblastic penod lasts until the end of the 
third fêtai month. 

Hepatolienal phase. By the start of the 
sixth or seventh embryonic week, the 
mesenchyme of the liver. spleen, and Jyniph 
nodes also becomes involved in hemato¬ 
poiesis. The érythrocytes extrude their nu¬ 
clei and reach their normal size; and the 
number of immature érythrocytes decrea- 
ses. Megûkûryocytes and gromdocytes ap- 
pear. The hepatolienal penod gradually 
recettes from the fifth month of pregnancy 
onward. 

Medollary (myelold) phase. In the fifth 
fêtai month. hematopoiesis continues in the 
bone marrow of ail bones. the final hemato- 
poietic site (“red bone marrow”). By the end 
of the sixth month, most of the still imma¬ 
ture gnanu/ocyres differentiate and give rise 
to monocytes, lymphocytes begin forming 
during the fourth month. first in the liver 
and then in the bone marrow. Some migrate 
from the marrow to the thymus, which they 
leavc as T lymphocytes to colonize and mul 
tiply in lymphoid organs. whileotherstravel 
as B lymphocytes from the bone marrow 
directly to peripheral lymphoid organs 
(spécifie immune response, p. 380). 


Postnatal Hematopoiesis 

After hirth, blood cells are primanly pro- 
ducedin the red bone marrow [AJ; thelympho- 
cytes multiply in the lymphoid organs, Le., the 
thymus, lymph nodes, and spleen. Around 
âge 6. lymphopoiests reaches adult levels. 

Once growth stops, medullary bematopore- 
sis occurs only in the marrow of the ends 
(epiphyses) of the long bones and in the short 
fiat bones In peopie with chrome blood loss 
or marrow damage, hematopoiesis can ré¬ 
sumé in the shafts (diaphyses) of the long 
bones and in the connective tissue of the 
liver and spleen. 

Bone marrow. The bone marrow fills the 
c avilies of the long bones and the spaces in 
spongy Ixme. The total weight of the mar¬ 
row is about 2000g. In the adult, one half is 
red marrow and the other half yellow mar¬ 
row (fatty marrow), 

Between the trabeculae and adipose cells 
(B1 ) of the red marrow is rpficu/ûrconnecme 
rissue (fibroblasuc retfcular cells) < B2 i in 
the nveshwork of which lie hemaropofetie 
stem cells (progenitor cells for ciythropoiem 
B3 and gnanu/opofesis as well as megakaryo- 
cytes B4 for thrombocytopoiesis). The red 
marrow contai ns wtde venons sinuses wfth 
fenestrated endothélium which are derived 
from the nourishing vessels of the bone. 
Mature blood cells pass through spaces in 
the endothélial cells tnto the venous sinuses 
which open into veins in the marrow which 
follow the same course as the artertes. Bone 
marrow does not contain lymphatic vessels. 

B5 Plasma cell B6 Neutrophilie granulocyte, B7 
Myelocytr 

Hemoryioblasi. HemocyîoWasls are pluripotfttlial 
stem crlls ihat hâve the potenlial to give rise to any 
type of blood cdl. They are funmonally distinct, 
but moiphologicalty mdistinci. mosi closely re* 
sembling medium-sized lymphocytes. Plun- 
potential stem cells can remam in a resting State 
or divide, producing either more stem cells or 
differennating into spécialized cells of one of the 
vanrnis blood cdl fines. The lymphocyte cHI line 
is the first to branch off lhe commun cell lineage 
tree(see p, 379) 

CUnicaf note, Prolifération of connective tissue 
fibers in t he bone marrow is known as myriofi- 
brosh 
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Blood and Lymphatlc Systems: Blood 


Hematopoiesis, cont. 

The tells of thé blood and immune Systems 
are produted in the red marrow (érythro¬ 
cytes, granulocytes, monocytes, lympho¬ 
cytes, and thrombocytes) and lymphatic or- 
gans (immune System tells), The hemocy- 
toblast (1| is the common stem cell of ail 
blood celte. It divides mitotirally to give rise 
to two cells, one of which remains a 
plunpotential cell while the other becomes 
a committed progenitor cell (umpotential 
stem cell that is spécifie for a certain blood 
cell line), dependingon the effect ofvarknis 
grovvth and différentiation factors. Precur- 
sor cells become blast cells and eventnally 
mature blood celb after progressing through a 
sériés of intermediate stages. 

Erythropoiesb. About 30% of the immature 
blood cells in the marrow are erythropoietic 
cells. A single hemocytoblasi 1 ) gives rise to 
a proerythroblast (2) and an erythroblast (3), 
both of which are morphologitally identi¬ 
fiable. Durmg prolifération of the polychro- 
matic erythroblast, occumng in four stages 
of cell division, the cells and their nuclei 
shrink while the amount of hemoglobin in- 
creases (cells become acidophilic), Erythro- 
blasts generally cluster around sinusoids in 
small groups, at the cimier of which are one 
or two retîcular cells that provide iron for 
hemo synthesis (“nurse cells*) and regulate 
crythropoiesis. 

Erythroblast mitosis gives rise to normo- 
blasts ! 4 ). These expel the now cccentritally 
located, dense nucléus which is phagocy- 
toscd by marrow macrophages, ïhis prtxess 
gives rise to érythrocytes (5). Immature ery 
throeytes. réticulocytes (6), still contain rem- 
nants of basophilie ribosomes known as re- 
fkru/ar substance. The most important regu 
latory factor in erythropoiesis is erythro- 
po'ietin. a hormone produced by the kidney. 
Vltamfn Bu and growf/i factors are abo 
nceded, 

Iran kirmks. Sefiesceni erylhrocyles are plwgo- 
cytosed and broken down in ihé splwn and in lhe 
liver Irki faim the hemoglobin is temporanly 
stored in ihe form of hemoUderin m thé phago¬ 
cytes of the renailar connective î issue (dé¬ 
tectable with Prussian blutf stam l Ferrttin is II lier 


aird from hemosiderin. Two Fe 1 ion* bind to a 
protêt n moletule calkd tranvferrin and are carned 
by lhe blood lu lhe bone marrow where the trou 
is absorhed by rcmular cells and taken up by sur¬ 
round mg erythroblast*. 

Cranulopoiesb. The cells in the three suc¬ 
cessive stages of the granulocytic sériés are; 
myeloblast* (7). which hâve virtually no 
granules, promyélocytes (8), and granular my¬ 
élocytes 191. Myelocyte cell hnes are distin 
guishable by granule stainmg as neutro¬ 
philie. éosinophilie, or basophilie, each of 
which gives rise to métamyélocytes (10 and 
band cells (11), and ultimatdy terminally 
differentlated segmented granulocytes (12). A 
mature granulocyte is one that contains a 
multïlobcd nucléus, typically with 3-4 seg¬ 
ments produced by fbnead/ifce indentations, 
Granulocytes pass through the walls of 
venous sinuses in the bone marrow to enter 
the bloodstrcam. The granulocytes circulat- 
ing in the blood represent a mere fraction of 
those contained in the bone marrow, and 
additional cells can be quickly mobilized if 
needed New formai ion of granulocytes is 
generally stimulated by growth factors. 
Ceneralized or sélective inhtbiiion is abo 
possible, e,g„ reducing eosinophils with 
epinephrine or glucocorticoids. 

Monocytopoiesis. Monocytes (13 are de- 
rived from monoblasts ( 14 via promonocytes 

Thrombocytopolesis, MegakaryocytesflS 
giant cells of the bone marrow, anse from 
precursor cells called megakaryoblasts 16} 
and immaturemegakaryocytes ( 17 Megakaryo- 
cytrs(15) hâve large, lobed nuclei Thei rcyto- 
plasm contains fine granules and has projec¬ 
tions rcsembling pseudopodia thrombocytes 
18) arise from fragmented megakaryocytes 
whkrh die afier repeated thrombocyte pro¬ 
duction. 

Lymphopoiesis. lhe immunoincompetent 
precursor cells leave the bone marrow and 
develop in the lymphoid organs into T or B 
lymphocytes (19). After primary contact 
with antigens. î or B immunobUsts (A20 
anse, the former of which in turn give rise to 
immunocytes 21) and the latter to plasma 
cells 22) or ntemory T or B cells (23) (see p 
382). 
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Thrombo- Erythropoiesis 

cytopoiesh (gas transport ) 

(coagulation) 





12 13 


Cranuk)- Mono* 

poiesis cyiopoiesis 

(nonspedfît (nonspocifit 
and spécifie Immurvity) 

immuniîy) 



21 22 23 

^-w- * 


lymphopoiesis 
(spécifie immumty) 


Formation of blootl and immune cells in mairowand lymphoid organs 
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Immune System 

Every day the human organism encounters 
a multitude of microbtal pathogens (bat- 
teria, viruses, protozoa, fungi ) and toxic for¬ 
eign substances that enter the body through 
the skin, gastrointestinal tract, and respira- 
tory System. Considering the abundance of 
infectious orgamsms colonizing our en¬ 
vironment and our food. the occurrence of 
illness is infrequent. and most infections en¬ 
dure only briefly with little lasttng damage. 
Tins is thanks to a highly effective immune 
System, in essence a System of complex in¬ 
teractions betwecn cells and soluble pro¬ 
teins. 

The chief fonction of the immune System is to 
prevcnt invasion by infectious nucroor- 
ganisms and to defend the body agamst bac- 
teria and/or foreign substances that hâve al- 
ready entered. The term "immunity" refers m 
this sense to lise relattonship between the 
ability of the body to disttnguish between 
ttsown (“self* )and foreign ("nonself* ) sub¬ 
stances and to produce antibodies spécifie 
to non self substances (- humoral imnmrtify) 
and/or specifically reactive lymphocytes 
(- ce//-medïafed immunify). Antigens are 
soluble substances or partnulate materials 
that provoke an immune response Contact 
with the antigen produces a type of 
memory in the organism termed immuno- 
logical memory which elidtsa rapid immune 
response if the sa me antigen is encountered 
again. 

Spécifie immunity (acquired or adaptive 
immunity). The main agents in spécifié tm- 
mumty are immunocompétent T lymphocytes 
(celbmediated immune response) and sol¬ 
uble antibodies produced by B lymphocytes 
(humoral immune response). Both types of 
lymphocytes become immunocompétent as 
they develop froni precursor cells (see 
p.378), Cells belonging to the body are rec- 
ognized by lymphocytes as “self* and, un- 
hke foreign substances (“nonseir), are not 
attacked. 

CMnkal not«. Immunologlcal tolérance is ihc 

feiiurc of cells to ituck the body\ own cellular 

comportent!!, Tuleranee of foreign aniigern. 


however. can tesuli in death, Conversely. hy- 
persensitrvity of lhe immune sysiem, as in au- 
tïiîmmunr diwrdrtv tan cause thr body to at 
tack and drstmy ifs own structures and 
molécules 

Nonspecific immunity matural or innate 
immunity}. Innate immunity involves an es- 
sentially instantaneous response that lo- 
cally fights destruction of pathugens (for- 
cign substances) as well as malignant cells 
produced by the body itself. 

The most important cells in nonspecific im- 
mumty are phagocytes 

Neutrophilie granulocytes (sec pp. 372 ff. and 
383 E) gather withtn the first hours of infec¬ 
tion. havmg been at tract ed to the infection 
site by pathogens and substances produced 
by dégradation products, Neutrophils ingest 
foreign marchai and destroy it with the hdp 
of /ysosoma/ enzymes. At the samctime they 
release proft^/ytte enzymes which soften the 
mflammatory infiltrate and ean lead io ab- 
scess formation. The neutrophils die in the 
process, givmg rise to pus corpuscles. 

Macrophages i 383C) develop frum mono¬ 
cytes. They migrate as mobile exudate mac¬ 
rophages" to infection sites as pleural and 
peritoneal macrophages in serons cavities 
and a/veo/ar macrophages in the lungs. Ex- 
amples offixed macrophages are the Kupffer'i 
cells (stellate cells) in the liver and /iistio* 
cytic refinifar cells in the spleen, lymph 
nodes, and bone marrow. Thèse cells are 
collectivcly known as the mononudear 
phagocytte System MRS (formerly known as 
the réticuloendothélial sysiem, RFS; or reit- 
culohisnocytic sysiem. RHS). They also hâve 
an important function in spécifie immunity 
and, as highly active secretory cells. produce 
a number of humoral factors that lead to the 
recru»ment and activation of new phago¬ 
cytes. Phagocytose and cytotoxicity are 
supported by humoral factors tncluding ly¬ 
sosomes, acute* phase protêt ns. cytokines, 
and proteins of the complément System. 
Other macrophages arismg from monocytes 
include osfeortasrs, which rcsorb bone, and 
miirog/ta cells , which are résident immune 
cells af the central nervous System that con- 
tribute to us protec tion and repair. 
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Cells of the Immune System 

The lymphocytes (A) constitua the cellular 
part of spécifie (adaptive) immuntty. They 
may he subdivided into T cells and B cclk 
both of which cooperate with accessory 
cells to fulfill their tasks. 

T lymphocytes. Thymus-dependent T lym¬ 
phocytes develop in the cortex of the thymus 
into various subtypes (see belowj. Before 
leaving the thymus. T lymphocytes must 
undergo a sélection process; only those cells 
thaï recognize self tissues and thus attack 
only foreign substances are released. After 
leaving the thymus. T lymphocytes travel in 
the blood to the T-dependmt régions of the 
lymphold organs where they reenter the 
circulation via the lymphatic System as im¬ 
munocompétent cells. Lymphocytes are 
characterized by certain surface molécules, 
and each expresses an antigen-spécifie T-cell 
receptor. 

Subpopulations (see p. 381). T-cell sub¬ 
populations include helperTcelb whose pn- 
mary rôle is the coordination of the im/m/ne 
response. Helper T cells release cytokines 
which influence the development, différen¬ 
tiation. and activation of other immune 
cells. B lymphocytes, for example, require 
the help of T cells which specifkally react to 
antigen in order to mount an immune re- 
sponse (proliferate and secrete antibodies)* 
In a mechanism that is not yet fully under- 
stood. supprrssor T lymphocytes can suppress 
the immune response of B cells. helper T 
cells. and cytotoxic T cells. Cytotoxk (kilkr) T 
lymphocytes can destroy antigenk cells such 
as virus-infected cells and cancer cells by 
direct contact. They also play an tmportant 
rôle in the rejection of allotransplantations. 
The cytotoxic peptides released by killer T 
cells, such as perfohn, allow them to lyse 
target cells without destroying themselves, 

The specificity of each of these fonctions is at- 
tained wtth the primary rrsponsr to antigen which 
activâtes the T lymphocyte to bectxne the pro¬ 
liférative î immunoblasi fB At the same time. 
mrmory odh anse which are capable of long-term 
récognition of the mvading antigen 


B lymphocytes. These are also immuno¬ 
compétent cells that médiate spécifie 
humoral inimunity. They hâve immuno- 
globulin receptors I antibody receptors) on 
thetr membranes that bind with high speci- 
ficity to their respective antigens. After con¬ 
tact with the M best-fitting" antigen (lotk- 
and-key model), they proliferate and differ- 
entiate. mainly into antibody-producing 
plasma cdls {- direct plasma cell production; 

Plasma cells (C, F) are differentiated. large 
basophilie cells (15 20pm in diameter), 
Their nudeï lie eccentrically and hâve a 
spoke-wheel arrangement C) that is visible 
under light microscopy. They are con- 
sidered the most effective antibody producers 
Plasma cells contain an extensive rough en- 
doplasnuc réticulum (Fl ) where immuno- 
globulins are produced, They do not divide 
and hâve a lifespan of about 4 days. Im- 
munoglobulins are released into connective 
tissues and travel through the bloodstream 
to the antigen which they bind to and de¬ 
stroy. 

Indirect plasma cell production. Spécifie mera- 
ory cells are acttvated when a ipeafic antigen is 
encountrred again i secoodary trsponve- Memory 
cells possess receptors for the invadmg anugen, 
havtng artsen from B lymphocytes during the pci- 
mary response via vanous intermediate stages of 
development cmtrobUst. centrocyte ) m the germi 
nal tenter of the secondary follicle fsee p. 
Memory cells are capable of rcactmg years later 
to ‘'their*' antigen and rapidly differentiate into 
antibody produetng plasma cells. Memory cells 
arc thus the foundation of immunological 
mentory 

Natural killer cells (NK cells) are cells of 
various types (lymphocytes, monocytes, 
macrophages) that hâve a cytotoxk elîect 
independent of thé thymus. They share the 
common functional characteristic of heing 
able to sekctively destroy antibody-coated 
target cells (antibody-dependent cell-me- 
diated cytotoxicity), 

E Neuirophilic granul-ocyie with phagigysosomes. 
C Macrophage with phagosome 
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C Plasma cell, Nght microscopy 
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Lymphatic Organs 

OverView 

The lymphatic organs arc important in the 
spécifie immune response (sec p. 380ff.) 
The primary lymphatic organs serve as the 
sites for production, development, and 
maturation of immune cells. Secondary lym- 
phatk organs are where immune cells en- 
counter foreîgn substances. 

Primary Lymphatic Organs 

Bone marrow. The bone marrow ( see p 376) 
contams lymphocyte stem cells (denved 
from hemocytoblasts) as well as precursor 
cells of the mononuclear phagocyte System 
(MP$), 

Thymus. The rôle of the thymus is para» 
mount in the development of the immune 
System (see p. 386). 

Secondary Lymphatic Organs 

Lymphoepithelial organs. Thèse indude 
the pharyngcal tonsil. palatine tonsii lingual 
tonstl. tubal tonsil at tbe opemngof the audi- 
tory tube, and the latéral pharyngeal bonds 
in the latéral and posterior walls of the 
pharynx (see p. 396 i 

Mucosa-associated lymphoid tissue 
(MALT). This includes gut-associated lym 
phoid tissue (GAI.T): intraepithélial lympho 
cytes and lymphocytes of the lamina pro¬ 
pria; solitary lymph nodules withm the 
lamina propria of the small intestine: aggre- 
gated lymphoid nodules (Peyer’s patches) 
within the lamina propria and submucosa 
of the small intestine and vermiform appen- 
dix (see p 398); bronehus-associated lym- 
phoid tissue (BALT); lymphoid tissue of the 
urogénital sysïem; palpébral conjunctiva 
and lacrimal drainage System. 

Skin-associated Lymphoid Tissue (SALT). 

Lymphoreticular organs. The lymphoretic- 
ular organs includc the /ymp/i nodes {see p. 
390) and sp/een (see p. 392). 


Structural Components 

Cellular éléments, lhe lymphatic organs 
contain B and T lymphocytes; monocytes 
(A)and macrophages, polymorph nucleated 
granulocytes; mast cells (B) and plasma 
cells; and natural killer cells, 

Retkular connective tissue. This is a spé¬ 
cial form of connective tissue that contams 
few fi bers. Its branching fibroblastic reticular 
cells of mesenchymal origin hâve numerous 
processes and form a loosely woven tissue 
meshwork (Cl Reticular cells form reticular 
fibers that can be imprcgnated with a silver 
sait. A spécial typeof reticular cell is the his- 
tiocytic reticular cell which is capable of 
phagocytosis and is viewcd as a monocyte 
dérivative. Dendritic cells hâve trec-like 
branching processes that surround lympho¬ 
cytes. Two types may bc distinguished- in - 
ferdigifating dendritic cells (IDC) with ir- 
regularly shaped nuclci and long, fingerlike 
processes that can establish contact with T 
lymphocytes, and folhcular dendritic celte 
(fTXT) which may be multinuclear and are 
présent almost exelusively in germinal een- 
ters (see p. 390) DendntK cells are accès - 
sory celte of the immune System 

B- andT-cell régions. The lymphatic organs 
and tissues hâve varying populations of B 
and T lymphocytes. B lymphocytes are the 
prédominant cell type found in primary and 
secondary follicles (see p. 390). and T 
lymphocytes are found in various régions 
spécifie to individual organs. 

Lymphatic vessels. Part of the blood from 
the interstices and intercelluUr connective 
tissue areas of the organs and tissues (with 
the exception of the CNS) is draioed by lym 
phatic vessets and returned to the venous 
blood supply (see p. 390). 

Epithelioid venules are postcapillary ven- 
ules with cuboidal to columnar endo¬ 
thélium (high endothélial venules. HEVl 
Adhesion molécules on the endotheli.il sur¬ 
face are recognizable by circulatmg lym¬ 
phocytes and dicter mine the level of lym¬ 
phocyte return (homing). 
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Thymus 

The thymus is the principal lymphoid organ 
of the T-cell System and thus plays a central 
rôle in regulating the immune System fonc¬ 
tion. It is considered a branchiogenic organ. 

Development 

The stroma of the thymus anses as a bilateral 
structure from the anterior endoderm of the 
third pharyngeal pouch and presumably 
from the ectoderm of the cervical vesiele. Its 
framewtirk consists of épithélial reticular 
cells, which are distinct from the mesenchy 
mal reticular cells forming the connective 
tissue that ensheathes the thymie vessels, In 
week 8 of embryon te development, caplllar 
ies begin growing in the purely épithélial 
thymus pnmordium, between weeks 9 and 
12, the surface of the (épithélial) thymus 
primordium is indented by mesenchymal 
septa growing into it and forming “pseudo- 
lobes/' The thymus primordium ultimately 
passes into thé mediastinum behind the 
thyroid primordium and loses its connec¬ 
tion to the pharynx. The supporting tissue 
framework consrsting of épithélial reticular 
cells is occupied during week 8 or 9 of gesta¬ 
tion by lymphocyte stem cells of mesenchy- 
mal origin, first by cells from the blood is- 
lands of the yolk sac. then by cells from the 
hematopoietic tissue of the liver and spleen, 
and finally. after birth, by lymphocyte pre- 
cursor cells from the bone marrow. The pre- 
cursor cells proliferate rapidly to produce T 
lymphocytes (thymus lymphocytes régula- 
tory cells {hclper T cells . vtipprcs.vor I cells), 
and cytotoxic T cells. Ail lymphoid cells of the 
thymus are also known as thymocytes 

Form and Location 

The thymus is composed of two lobes, usu- 
ally of unequal size. which may be partially 
fused or not at ail It lies behind the sternum 
in the superior mediastinum (A) in front of the 
great vessels, ue., the bnac/nocepfta/ir wfas 
and supenor vena cavo. and over the péri 
cardium It is bounded on euher side by the 
linés of réfaction of the costal pleural re- 
flection onto the médiastinal pleura. The 
lines of réfaction form the “thymk triangle" 


(red triangle pictured in A), which lies at the 
level of the sternal attachment of the second 
rib. the tip of which is directcd toward the 
apex of the "heart triangle," 

In the neonate (B) each iobe is about 5 - 1.5 
x 1.5cm and weighs II -13g, During the 
fn-st three years of lift? its weight increases 
to about 21g. The thymus reaches its 
greatest size during puberty. weighmg be¬ 
tween 35 and 50g. 

Tiw thymus is espetially well developed in 
the child Both of ils lobes extend cranially tu 
the infenor border of the thyroid gland and 
raudally into the fourth intercostal space 
where it may widen the radiographie 
shadow produced by the base of the heart 
Its upper portion can project on either or 
both sides through the supenor thoracic 
aperture behind the middle cervical fascia. 

In the adult, the thymus is présent only as a 
functional thymie remnant (C). It occupées 
considerably less space behind the manu¬ 
brium of the sternum than the thymus in a 
young person. 

Neurovascular Supply and Lymphatk 
Drainage 

Arterics, The majonty of the thymie bran 
ches are denved from the internai thorack 
artery and the perkardiophrenfc arteries; 
branches also sometimesarise from the thy- 
roid arteries, 

Veins. The thymie veins pass to both brachio- 
cephalk vrins.and sniall veins also drain into 
tlie inferior thyroid veins. 

Lymphatk: vesseK Lymphatk drainage is 
to the anterior médiastinal lyniph nodes along 
the braduocephalk veins and aortic arch. 

Autonomie nerves. The autonomie nerves 
to the thymus arise from the vagus nerve and 
sympathetit trunk. They aceompany the car- 
diac nerves and their plexuses, the phremc 
nerve, and the vasomotor nerves to the thy¬ 
mus, lire vesselsand nerves travel deep into 
the organ. within the connective tissue 
septa. to thecortuomedullary border where 
they divide and send branches into the 
medulla and also supply the cortex 
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Mkroanatomy of the Thymus 

The supporting framework of the thymus 
consists of epcthelUl rettcular cells (epitheiio- 
cytes) and lymphocytes [lymphoepitheltal 
organ). It ts composed of branching shrub- 
Itke or tree-like strands of tissue that rc- 
semble lobules (A) in histologtcal sections. 
Each lobule has an outer cortex (Bt) wtth 
densély arranged cells and a central medulla 
B2 contatntng fewer cells. The thymus ts 
surrounded by a connective tissue capsule ; B3 
that sends short s epta tnto the intenor of tlie 
organ. 

Epithelial reticular cells or thymie épi¬ 
thélial celb (DE4). These hâve large, pale 
nuclei and a weakly éosinophilie cytoplasm 
that eontams cytoplasmtc keratin filaments. 
Their long, slender professes are connected 
by desmosomes and form a sponge-ltke 
meshwork containmg T lymphocytes. 

Cortex. The spaces withtn the meshwork of 
the epuheltal cells are filled with densely 
packed T lymphocytes (DES) and thus stain 
darkly. Beneath the connective tissue cap¬ 
sule fB3) is a eontinuous layer of cortical 
epltheliocyte* with prominent Co/gi com¬ 
plexes and rïsferns of rough endoplasmic réti¬ 
culum . Lymphocytes that hâve migrated to 
the thymus proliferate in the corticomedul- 
lary zone directly undemeath. where they 
are surrounded by epitheliocyte projections 
(“nurse cells”), 

The population of small lymphocytes arismg in 
the thymie cortex ts replenished rvery 3-4 dayy T 
lymphocytes are constantly released inio the 
blood. but tn fewer numbm wuh advancing âge. 
Mosi of the lymphocytes that migrate to the thy¬ 
mus die in the cortex dunng the sélection 
processes that is part of the development of 
spécifie immunity, 

Medulla. The dense meshwork of épithélial 
cells (B2 formtng the medulla contatns 
fewer lymphocytes, At the corticomedullary 
jundton, medullary rettcular cells form an 
aggregate of epithehotd cells. The éosino¬ 
philie Hassalls corpuscks (E6) are charac- 
tenstte. spherical structures (with a dtame- 
ter of 30-150pm) formed by eoncentric lay- 
ers of degenerared rettcular cells . They may 
consist of only a small number of cells or 


cysts 0.1 ‘0,5 mm in size with cellular de- : 
bris. The stgiuficanceof Hassall'scorpusdes, ] 
whtch anse in conjunctton with immune I 
processes, ts uncertain. 

Vascularizatton. The Thymie branches from 
the perKardiophrenie artery (see pp. 52» I 
386) pierce tlve thymi-c capsule and travel 1 
within the interlobular septa tnto the thymk J 
parenchyma where they divide at the cortt* I 
comedullary junction into artérioles and jj 
cap il la ries. 

Cortical capillarie* hâve a non/ernsfrofed endoflïe* I 
hum They are ensheathed in a basement mm- J 
brane. pcnvascu/or ronnerme risswe. and a cou- « 
rimions /ayer of eptthrlmytn. These layers form j 
thr blood-thymus barrirr which limiis exposurc of 
the thymus to aiiugenic substances. VeoooSj 
drainage follows the course of the artenes. 

Age-related changes, Institution of the thymus 

C). especully of the cortex, begiftt duiing 
puberty Fat storage i C71 in the fibroblastir reticu- j 
laf celb accompanytng vesseh gives ris* to fhvmic I 
adipose tissue . lêavtng only functional thymk 
rudiments (fhyrnir remnaiifs). Age-dependent m* 
volutwn is distinguishrd from accidentai iwolutioa 
whtth can ocoif after irradiation. but h mom 
often associai cd with infection or poisoning 

Function. The thymus play^. a crltital rôle in the 
establishment of crli-mediated immunity Untfl 
puberty it is the moM important source of T i 
lymphocytes, In the cortex of the thymus, pro- 
lifcrating lymphocytes corne into contact with 
épithélial retKular cell pmcesscs artd thus ttie 
body's own antigero. T cells are primed, that K \ 
they are piogrammed to discriminate between 
“self and “nonself * Since foreign antigens wmiid 
interfère wuh pnming. they are prevented by the 
blood -thymus barrier from rnienng the cortex. Im¬ 
munocompétent T lymphocytes enter the circula¬ 
tion through the fenestrated endothélium ol the 
medullary capillarités and coksnize the T-depend- 
enl zones uf the pcrlpheral lymphoid organs. 
"Incorrectly programmed’ lymphocytes are pha- 
gocytosed by macrophages. The production, 
différentiation and maturation of T lymphocytes 
m the thymus, as well as the différentiation of pe- 
ripheral lymphoid otgans, ire stimulated and 
rcgulated by ihymopoirtin a polypeptide hormone 
produced by the épithélial reticular celK, and pre* 
vumably othei humoral factors Ifhymosin. t/iy- 
mu/m)as well. 
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B Thymus, chïld (detail from A) 
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E Thymie medulla, child 
(detail from B) 
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Lymph Nodes 

Lymph nodes are bean-shaped lymphore- 
ticular organs (A) of variable size (ranging 
from a few millimeters to more than I cm in 
length) which are located in the pathsof the 
lymphatic vessels and serve as biological fil- 
ters. Régional lymph nod.es are the first filtcf 
mg station for lymph and the antigens it 
cames from an organ or spécifie région of 
the body Collctting nodes receive lymph 
from several régional lymph nodes. 

Structure. Kath lymph node is enclosed in a 
connective tissue capsule (BCE1} from which 
trabeculae B2), connective tissue septae 
radiale into ils interior. forming a sup- 
porting framework and partitioning the 
node into segments. Several afferent lym¬ 
phatic vessels tAB3) carry lymph to the node 
piercing us convex surface at varions sites; 
efferent lymphatic vessels AB4i carry lymph 
away and exit at the hilum, 

The cortex consists of tightly packed B 
lymphocyte aggregates that form follicles 
called lymphoid nodules BD5, DJ, The dense 
arrangement of cells causes the cortex to 
stain darkly m histological préparations. In 
the paler-staining medulla tC6i the lympho 
cytes are less densely packed. 

Functional Organisation 

Sinuses. Afferent lymphatic vessels drain 
into the subcapsular marginal slnuses (BE7) 
which contain few lymphocytes and arc 
traverscd by individual reticular sinus cells* 
Radiating peritrabecular slnuses BB empty 
into the centrally located medullary sinuses 
(C9) which commumcate with efferent ves 
sels at the hilum. The sinuses are lined by 
fiat endothélial cells and contain lympho¬ 
cytes as well as macrophages and mono¬ 
cytes. 

Vessels. Small arteries enter and small veins 
leave the lymph node at the hilum. The ar- 
tories branch into artérioles in the medulla. 
and lhese continue in the cortex as a cortical 
capillary network which is woveti around the 
foîlkries like a basket and supplies them 
with blood. The paracortex (see below) con- 
tains speciahzed postcapillary venules with 
cuboidal endothélium ihigh endothélial ve- 
nuks = HEV) beanng lymphocyte homtng re 


ceptors, These receptors are recogmzed by 
lymphocytes and farilitatc their passage 
from the blood mto the lymph node. Lym¬ 
phocytes leave the lymph nodes through the 
efferent vessels iAB4). 

Parenchyma. The parenchyma in the cortex 
of the lymph node consists of lymphoid fol- 
lickuBCS, D), and in the medulla of meduf 
lary cords (B-cell régions }. Primaryfollicles are 
lymphoid follicles conststing of clusters of 
homogeneous lymphocytes (tmmunoin* 
competent B cells). The majora y of the lym- 
phoid follidés hâve a lighter-staininggermi- 
nal center (DIO) with activated B lympho¬ 
cytes (reiifrobtosrs and cnifrocyfes) and 
follicular dendritic cells (secondary follklcv 
C5. D) in which an antigen has already been 
encountered. Between the cortical follicles 
and medullary cords is the paracortical zone 
which is populated mostly by T lympho¬ 
cytes (T-cell région ). 

Fil net ion. I ymph nodes serve as fïïtm and emurf 
t ht* immune rwpom* Foretgn rrutier, pat liage tu 
cellular débris. cancer cells. and pigments passing 
through ihe lymph nodes are trappcd by en¬ 
dothélial cells bning the sinuses and pbagocy- 
ktsed. Antigenic maierial is ingested and pn> 
ccsscd by nucropliages, accessory cells m 1 he im¬ 
mune response. whnh then présent lhe antigen 
tn lymphocytes. rikittng a T crll or B-crll re* 
sponse dependmg on the quality of the anttgen 

CHnfcjrf note. Lymph nodes tan lie afleeted by 
isolated disease. ir , tymphadenuparhy Cancer 
cells that are tarried to the lymph nodes can 
proliférât? tliere. giving rise m lymph nodr 
métastasés 

Lymphatic vessels. lhe lymphatrc vessels fnrro a 
drainage syilrm that retums fluids from the lissucs 
10 the blood circulation. lhe vessels originale as 
in the mterstihal space as uny blmd carmis 
wuhout an endaihciial lining. and carry lymph to 
lhe Ihin-walled tymptwHic caplllarks These are fot- 
lowed bv precollectlng vessels with funnel-shaped 
ami IcaftH valves which continue as coilectwtg vev 
«is with a typtcal wall structure i lumen infime, 
fuutro media. funreo odvmima ). Colkc ttng vessels 
pass to the lymph nodes as afferent lymphatic ves¬ 
sels tfferent lymphatk vessds. alsu terroed 'posmo 
dal” lymphatk vessels. either pass to other lymph 
nodes (collccting nodes) or joui lymphatic trunks 
The lymphatic trunks ultimately unité lu form 
lymphatk ducts the largevt of which fs the fharadf 
duet with a dtameter of several millimeten 
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Spleen 

The spleen is an unpaired lymphoretkular 
organ, Similar to the lymph nodes. 11 acts as a 
filter. but. unlike the lymph nodes iî is lo- 
cated in the blood circulation. It also fulfills 
immune System functions 

Development The splenic pnmordium is derivcd 
from the mesoderm It appears dunng week 5 of 
embryomc development as a nonvasculanzed 
mesenchymal condensation between the layers of 
the postenor mesogastrium. Dunng week 16 of 
embryomc development the spleen bec ornes 
vüoiürued and the mesenchymal relis differen 
liate into the typica! reticular tissue framework 
At the samr timr lymptwiic cells migrate to the 
sptem During the first few months of develop¬ 
ment the spleen is an important hematopoértk 
organ Acmsory spleens can arlse from masses of 
mesenchymal tissue. These pea-stzed or egg- 
sized masses of splenic tissue may be singular or 
numerous and are usually located adjacent to the 
spleen or branches of the splenic artery. but also 
lie along the greater curvalure of the «ornât h, in 
the greater omentum, and elsewhere in the body 

Cross Anatomy 

The spleen is a soft, bluish-red organ (B) 
shaped like a coffee-bean. 10-12 x 6-8 x 
3-4cm in size and wetghing 150-200g. 

Surfaces and marglns. The convex dia* 
phragmatic surface (B) faces supenorly and 
the concave, faceted viscéral surface C) infe- 
riorly. The anterior margin of the spleen, 
called the superior border fBC2), »$ narrow 
and marked by tndentations.The broad and 
blunt inferior border f BC31 faces posteroinfe- 
riorly. Its posterosuperior pôle, or postenor 
extremity ( BC4), extends to a point 2 cm from 
the body of T10. The anteroinferior pôle, or 
anterior extremity (BC5). extends nearly to 
the midaxillary line and is difficult to pal- 
pate.The spleen is primarily held in position 
by the phrenicocolk ligament which passes 
from the left colic flexure to the latéral wall 
of the trunk, forming the fioor of a sling tiiat 
supports the organ. 

Splenic hilum. The hilum isa long, narrow 
fissure on the viscéral surface of the spleen 
(C) through which vessels and nerves enter 
and exit the organ. It divides the viscéral 
surface into the upper and lower régions. The 
area postenor to the hilum ( D6 touches the 
left kidney (D7). and the area antenor to it 
the sfomac/i *D8j, the taff of the pancréas 
(rw i jnrl fhp left rnhr flexure. 


D12 Liver 

Position. The intraperitoneal spleen is sit- j 
uated posteriorly in the left hypochondriac 
région (A) below the diaphragm at the level 
of the 9th to 11 th nbs. Its long axis is parallel 
to the lOth rib ( Al ). 

A2 Infenor border of lung 
A3 Infenor border of pleura 
The gastrosplenic ligament (CD10) passes 
from the splenic hilum to the greater curva- 
ture of the stomach (DS). It tonveys the 
short gosfric arteries and veins and the left 
gastroomental artery. The shorter splenore* 
nal ligament (CDU) passes to the postenor 
wall of the trunk and diaphragm. It carnes 
the sp/emc artery and vein. The splenic reces* 
of the omental bursa (arrow, p. 185 ) extend? 
to this point. The spleen moves with respi¬ 
ration. 

Neurovascular Supply and Lymphatlc 
Drainage 

Arteries. The splenic artery (sec p. 44J 02) 
i$ the thickest branch of the celiac trunk. It 
passes along the superior border of the pan¬ 
créas (D9) and enters the splenorenal liga¬ 
ment to reach the splenic hilum. It divides 
while in the splenorenal ligament and en¬ 
ters the spleen with six or more splenic 
branches. 

Veins. The splenic vein (03) is formedat the 
splenic hilum by the union of several veins 
that drain the spleen. It is one of the three 
major tnbutaries of the hepatic portai vein 
(see p. 216). It courses behind the pancréas 
COS). 

Lymphatie drainage. Lymph drains via the 
splenic nodes at the splenic hilum to the supe¬ 
rior pancreatic nodes along the superior 
border of the pancréas and the celiac nodes 
along the celiac trunk. 

Nerve*. Parasympathetic and sympathetic 
nerve fibers, i.e.. viscerosensory, visccromo- 
tor. and vasomotor nerve fibers. anse from 
the ce/iac nerve plexus and accompany the 
splenic artery as the splenic nerve plexus to 
the spleen. The myofibroblasts of the 
splenic trabeculae and the trabecular arter¬ 
ies are supplted by adrenergic nerve fibers 
wlikh regulate thé contraction of the cap¬ 
sule. 
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Microscopie Anatomy of the Spleen 

The spleen i$ surrounded by a connective 
tissue capsule (ABl ) which ts covered by peri¬ 
toneal epithelium. The connective tissuc 
capsule sends numerous projections ealled 
splenic trabeculae (B2) into the intenor of the 
organ, partittoning it into compartments. 
Most of the trabeculae are anchored to the 
splenic hilum. Between the capsule and the 
trabeculae there is the splenk pulp which ts 
vascularized, “soft” reticular connective tis¬ 
su*?. 

Pulp. The H red pulp” (A3 > ts characterizcd by 
the présence of a large amount of blood and 
consists of pulp cords with splenic sinusoids 
between them. "Whitepulp’ (A4)is made up 
of lymphoid nodules and penarterial lym¬ 
phatic sheatbs (PALS), The marginal zone 
(B9i. contaming less densely packed cells. 
lies around the nodules at the border be¬ 
tween the red and white pulp. 

Blood vessels. The structure of the spleen 
can best be understood in terms of its vascu- 
lar architecture. The branches of the splenic 
artery enter the organ through the hilum 
and travel witliin the trabeculae (B2) as 
trabecular arterks (B5), accompanying the 
trabecular veins {B6The trabecular arter- 
ïes continue into the parenehyma as pulpar* 
teries. Within the white pulp they are 
completely enclosed by penarterial /ym- 
phaftr shea/ta (PALS) and continue as cen¬ 
tral arteries( B7 ) in the cords of the lymphatic 
t issue and to a lesser extern in the lymplioid 
nodules (B8L Each central artery gives rise 
to numerous smaller branches which 
supply the meshwork of the marginal zone 
(BSi or empty directly into tiw venous 
sinuses of the red pulp. Lying along the 
cords of lymphatic t issue (T région) are the 
lyinphoid nodules (B région) (B8). Ulti- 
mately. each central artery divides distal to 
the PALS into a terminal “tree" consisting of 
^ about 50 artérioles ipenkillar artérioles) 

(BIOL These pass to the surrounding red 
pulp where they divide again and continue 
as capillaries, a short segment of which is 
covered by the spindle-shaped or ovoid 
Sr/iweiggcr-Sefdr/ s heaih (eliipsoid) (B 11 
surrounded by densely packed macro¬ 


phages and contractile cells [sheathed capil- 
larks). Tiw sheathed capillaries are l'ollowed 
by arterial capillaries. the majority of which 
empty via the péri sinusoïdal meshwork cords 
of the reticular connective tissue (B12) into 
the wide splenk sinusoids (B 13) of the red 
pulp (“operi rircu/arioif ). A lew capillancs 
open directly into the splenic sinusoids < 
("closed dreu/emorf), Blood isdrained from 
the organ via the pulp and trabecular veins 
(B6) into the splenk vein 

Pulp cords and splenic sinusoids. The pulp 
cords consist of a network of reticular cells 
and contain plasma cells as well as macro¬ 
phages. Tiw venous sinuses of the red pulp 
form a loosely woven network of wide- 
lumen vascular spaces that comniunicate 
witli each other. The walls of the sinuses are 
composed of spind/c-s/taped. /ongm/dma//v 
oriented endoihe/tum (04) whose nuelei 
Project into the lumen of the sinus. Between 
them are s/rtJiL*e openings that allow blood 
cells (05) from the surrounding pulp cord 
to enter the sinusoul lumen. Tlie basement 
membrane of the tMidothclium lining the 
splenic sinusoids is discontinuous. Ihey are 
liiwd by ciraimferential reiio/dn fibers 
(06) and an incomplète layer of specialized 
reticular cells with p/iügocyrozmg macro¬ 
phages (07 ) and rmru/ar fissile (C18 

09 Mitosis. (.20 Macrophage 

Hematopoiestv Va si numhcrs of lymphocytes 
and plasma cells are produced in the spleen. If 
production of blood cells in the bom* marrow is 
dtTtcicni. e.g„ due to discase. granulocyte and 
erythrwyie produt non can résumé in the spleen, 
where n was presem dunng fêtai development 

Shedding and storage of blood cells. Senescent 
érythrocytes are trapped in lhe red pulp. engulfed 
by macrophages and desiroyed Hrmoglobin ihe 
red pigment tcmiaincd In lhe erythrocyies, is 
bruken down into bilinibin and transported to lhe 
Iiver by lhe hepatK porial vein. io be excreted 
with bile Hemoglobin iron ts bound to a protem 
and transportée! to the hone marrow as transferrin 
where il is agarn available for erythroblasts. 
Excess hrmogkibin iron is siored m lhe spleen 
and can tk* deteeled mtcrostopically as be* 
mosfderin; m extrême eirrumstarKes tron stores 
may be macTost opually visible as brown pigmen 
tation of the organ hemcxiderosiv 
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The Tonsits 

The tonsils surround the openmgs of the 
oral and nasal cavities into the pharynx and 
are collectively known as the Waldyer’s ton- 
sillar ring or lymphoid ring. Tonsils are sec- 
ondary lymphoid organs, Given their prox- 
imity to the epithelium they are also known 
as lymphoepithelial organs 

General structure. The tonsils contain lym- 
phoid tissue in the form of densely packcd 
secondary follides lying directly beneath 
the mucosal epithelium, the surface of 
which is indented by elevationsand invagi- 
nattons (crypts;. The secondary nodules con- 
sist of a Iight-staininggemuna/ cerner and a 
dark-staining /ymphocyfe halo which is 
thickened on the sidc facing the epithelium, 
forming a cap of lymphocytes. Lymphocytes 
and granulocytes migrate into the epi¬ 
thelium, especially deep in the crypts, open- 
ing the meshwork of épithélial cells like a 
sponge. Because of this leukocyte diapedesis, 
the epithelium and the boundary with the 
lymphoretkrular tissue are frequently no 
longer détectable. Efferent lymphatk msels 
pass from the tonsils into deeper-lying 
lymph nodes.The tonsils are dehmited front 
their surroundings by a tough capsular con¬ 
nective tissue covering i D9 ). 

Pharyngeal tonsil. The pharyngeal tonsil 
i AC1 ), which is shaped like a cauliflower. 
protrudes from behind the choanae at the 
level of the roof of the pharynx. It does not 
possess deep crypts, but has only shallow in- 
foldings between sagittally oriented mu¬ 
cosal élévations, Corresponding to its loca* 
non in the epipharynx. the pharyngeal ton¬ 
sil is tined hy pseudostratified cihated and 
goblet-cell lined columnar epithelium. 


Palatine tonsil. The palatine tonsils (AB2) 
lie in the hollow formed by the palatine 
arches (AB3) known as the tonsillar fossa 
fhey are covered hy oral mucosa (stratified, 
nnnkeratimzed squamous epithelium) and 
possess 10-20 crypt-like indentations 
known as tonsillar pits (D8). The lymphoid 
tissue contained in the tonsils formv aggre- 
gatedfoll»c|es(D7) 

The palatine tonsilsareimportant immune sysiem 
organs and the site uf wgorous prolifération of B 
lymphocytes, They entounier pathogens that in- 
vade ihr body thrnugh ihe mouth and nose. thus 
insunng early «ni ivatitwi of the spécifie immune re- 
sponse rimmunological earty waming syslem“). 

Cllnkat note. Bacierial infection can cause 
acute infiammatHm of the palatine tonsits 
tomillite; iharactensiic symptoms include 
sore throat tangina) and difticuliy swallowing 
dvNphapa i I nlargcd tonsils can be surgitally 
removrd tomllfcctomyj. 

Lingual tonsil. The lingual tonsil { A4) has a 
bumpy surface and lies on the base of the 
longue; it is fiat and has numerous crypt- 
like infoldings of the oral mucosa which are 
surrounded by secondary nodules (lingual 
nodules). The mucous-seereting posterior 
lingual glands open in the base of the crypts. 

Tubal tonsil. The submucosal tubal tonsil 
(A5). which lies at the inner openmg of the 
auditory tube, isviewed as a continuation of 
the pharyngeal tonsil. It consista of a collec¬ 
tion of smaller secondary nodules. 

CJlnkaJ note. 1 nlargrmeni uf the tubal tonsil 
can obstmci the pharyngeal openmg uf the 
auditory tube, rosulung in possible hearmg 
impatrmem. nasal speech, and chronic ear in¬ 
fections. 


dinicel note. In dilldrcn the pharyngeal tumil 
can become cnlargcd as a resuit of infec¬ 
tion (adenoids or potypi Obstruction of the 
choanae can lead to sinusitis. mouth breath- 
ing, and sleep disturbance, and. if the auditory 
tuhe is otmructed as wHI. chrome ear infec¬ 
tion 


Latéral pharyngeal bands. Miis term is 
used to refér to aggregates of lymphoid 
tissue in the mucosa of the latéral and pos¬ 
terior walls of the pharynx. The lymphoid 
tissue can form small nodules on the poste¬ 
rior wall of the pharynx. 


A6 Laryngcal miel CIO Sella turcica, Cil Soi! pal 
ate 


Clinical note. Infiammatory swelling of 
the pharyngeal mucosa * pharyngitis. "latéral 
pharyngite - }, with symptoms of sort throat 
and dysphagia. also involves ihe latéral pharyn¬ 
geal bands 





Tonstls 



C Position of pharyngeal tonsils D Section through palatine tonsil 

in newborn. médian sagittal section 
through roof of pharyn* 
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Mucosa-Associated Lymphoid 
Tissue (MALT) 

Organizcd lymphoid tissue is also présent in 
the mucosa of thc respiratory tract (BALTI. 
urogénital tract, conjunctiva of the eye skin 
(SAIT), and m larger amounts in the mucosa 
of the gastrointestinal tract (CAL1'}. 

CALT 

Gut-associated lymphoid tissue (GALT), 
which is active in the spécifie immune re- 
sponse. comprises lymphatic tissue within 
the mucosa! lining of the esophagus. stoni- 
ach, small and large intestines, and ver* 
miform appendix. It is made up of various 
components. 

Solitary cells are mostly intraperitoneal lym¬ 
phocytes. These mclude supprewor celte (about 
70 fc) as well as effector cells which arc dis- 
persed throughout thc lamina propria and 
include lymphocytes, plasma cells, macro¬ 
phages. éosinophilie granulocytes, and 
specialized mast cells fmucosal mast cells), 

Solitary lymphoid nodules. These are 
nodular collections of lymphocytes in the 
lamina propria of the small intestine. They 
can be divided into primary nodules whose 
lymphocytes form an evenly distribuied 
mass (not yet activated by antigen expo- 
sure) and secondary nodules which hâve a 
light-staining cerner and a dark-staining pe- 
riphery of small. tightly packed lympho¬ 
cytes (stimulatcd by antigen contact ). The 
light 'Staming center serves as bmh a germi¬ 
nal center for lymphocyte génération, and 
also acts as an “activation center" 

Aggregated lymphoid nodules (Peyer’s 
patches) (ADI) are large collections of lym- 
phoîd follicles in the lamina propria and sub- 
mucosa of the vermiform appendix (DI > 
and ileum (cspecially opposite the nsesen- 
terial attachment), These structures pro- 
jecting into the lumen mcasurc 1-4cm in 
diameter and consist of 10-50 nodules 
each. Villi and crypts are absent at these 
sites. The mucosal protrusions are referred 
to as “dômes" (AB2) and their respective 
épithélial covenngs as “dôme epithelium" 
(B3L The epithelium tends to be cuboidal 


rather thon columnar; goblet cells are ab- j 
sent and there are specialized enterocytes 1 
which. instead of bearing microvilli, contam 1 
microfolds in their surfaces ("microfold j 
cells" or M cells). M cdl areas (C) with in- 1 
traepithelial lymphocytes (CS) also hâve 
lymphocytes and macrophages C9) be- 
neath. Additional structural éléments of 
Peyer's patches are the B lymphoblasts iB4), j 
the corona ( mantle ) ( B5 J of small B lympho¬ 
cytes surrounding thc nodule, and the inter 
follicular région (B6) which is mainly popu- 
lated by T lymphocytes. 

B7 Muscularte mucosae 

f unetion. As one of the mucosa-^ssocuted lym- 
phoid tissue*. CALT constitua** an autonorootu 
tympheid organ complet that em ou mers numerous \ 
antigens vuch as bacteria, parasites, viruses. and 
food allergens. The contact surface area of the in- i 
testinc is about 100 m J or 60 tune* larger than the 
surface area of the skin, 

B lymphocyte* m the lamina propria of thc 
mucosa mature to betome antibody-secretmg 
plasma cells which produit* ail antibody classe*, 
BOT being tmmunogbbulin A : IgA ! IgA bindv to a 
protein produced by enterocytes and is secreted 
by them into the intestinal lumen. T lymphocytes 
arc prédominantly hetper T celte. 

At thr «Tes of the Peyer's patches. M cells in the 
“dôme epithelium" trap antigens which are then 
phagocytosed and présented to neighbonng T 
cells. These reach the center of the lymphoid 
nodule where they transmit their mformatkm to 
B cells which migrate into the lymphatic circula¬ 
tion, The B cells reach the thoraoc duct via ré¬ 
gional lymph nodés. thus entenng the general 
blood circulation. Mo*t are carned by the blood- 
stream back to the intestinal mucosa i lymphocyte 
redmiUiïon) where a further development into 
IgA'Secreting plasma celts continues. Antigen 
contact within a Peyer’s patch can thus lead to a 
generalized immune response throughout the en- 
tire small intestine. Activated B celts migrate 
through the btood and lymph circulation into 
crther setretory organs. e,g„ into the mammary, 
salivary, or lacnmal glands, where they lead to 
production IgA which is secreted with the spécifie 
secretury products of these glands. 
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A Longitudinal section through ileum* D CrosS'Sectionthroughvermifûrm 

Peyer’s patchev ap pendu, embcdded lymphoid tîssue 

(lymphoid follides) 



B Schematic illustration of Peyer's patch structure 


C Mcdl, diagram 
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Skin 

General Structure and Functions 

The skin (integument ] has a total surface 
area of 1.6-2.0 m*\ dependtng on body sizc. 
It fonctions as a protectivc covtnng of the 
body. forming the boundary betwecn the 
internai and cxtemal environnants, Con- 
sisting of an epidermis and a dennis, the skin 
makes up about of the total body 
weight. Epidermal and dermal thiekncsses 
vary depending on the body regton, rangmg 
between I and 5mm. ln cross-section the 
epidermis is 0.04-0.3mm thick (especially 
thick at sites exposed to strong meehamtal 
forces such as the pal ms and soles, mcasur- 
ing0.75-1.4mm; calloused skin is 2-5mm). 
Women tend to hâve thinner skin than mcn. 
At the openings of the body, the skin is con¬ 
tinuons with the mucous membranes of the 
moût h, nose, rectum, urethra, and vagina. 
Appendagrs of the skin" are spécifie struc¬ 
tures associated with the skin such as skin 
glands, hoir, and nails. 

Fonctions 

As an organ, the skin fui fil s a vanety of funettons. 
serving to protect the body from mechanual 
Chemical, and thermal trauma as well as a multi¬ 
tude of pathogens. 

The immunocompetem eells of the skin aw in 
vcïived m immune processes. and hence it is an 

immune organ 

The skin also contributes to thermorrgulaiian by 
adjusting blood circulation as well as flutd sécré¬ 
tion from skin glands (protection agaimi beat 

lofs). 

It t\ also mvolved in matntatning fluid kveh. by 
preventing déhydration and releasmg fluids m 
glandular sécrétions and salts (régulation of fluid 
levels and excrétion l 

The skin also contants nervous vvstem structures 
that make it a sensory organ capable of dctectirrg 
pressure, touch. température, and pain. 

It also functïons in the traasformaiion of provitamin 
0 into bioaciiw mctabolitev Synthèse of vitamin D 
takes place in the skin via photo-oxidation of 1 
dehydrochoiesterol which is mediated by ul 
traviotet light, 

The skin acts as an organ of communication, çg., 
blushing, palmg. "hair-raising." 


It also possesses dcrtrical résistance which changes 
under psychokigual stress (the undcrlying prin- 
ciple of Ite detectors) 

Skin rharacteristics. Ihe skin is charactcr- 
ized by ils soft, elastic. dktensible quality and 
by keratini/ation of Us epithelium, Except for 
the palms, soles, and scalp, the skin is 
looscly attached to the underlymg ttssuc 
and thus easily movable. In areas overlymg 
the joints it forms folds that permit adé¬ 
quate freedoin of movement. The skin can 
become electrostatually chargeai, especially 
m conditions of dry ambient air and when 
synthetic fabrks are wom, rcsultmg tn a 
statte chargeof more than 1000 volts, 

Clinical not*. More than any olhef organ. the 
tkm can he directly observer! Examinai ion of 
i lu- tfcm i ait thus aid lhe diagnmis of a multitude 
of general divorderv BJue dtetüiofatkm îcyano- 
sis), for instance, is coniklrrrd a sign ol heari 
tlisease while a reckiened patch of s>fcm may be 
a stgn of infect ma 


Skin Color 

The normal color of healthy skin is deter- 
mincd by fourcomponcuts melamn (brnwn- 
tsh-blatk pigment) produced by mélano¬ 
cytes (A), carotène derived from dietary 
végéta blés i B>, and oxygenated (C) and 
deoxygenated (D) blood in the cutaneous 
vessels. The influence of ea-ch of these four 
pigments varies by body région. Pigmenta¬ 
tion is partly related to factors such as sun 
exposure and nutrition, but it is mostly de- 
termined by an individuaTs sex and ethnie- 
ity Mrianin pigmentation (A) rs strongest m 
the régions about the axillac, extcrnal gem- 
talta, inner thighs, and perianal skia 
Carotène (B) produces a yellowish ttnge. 
mamly about the face, palms, and soles of 
the fret The red color of art mal blood C i dé¬ 
termines tiw color of the skin of the face, 
palms. soles, upper half of the trunk. and 
buttocks. The bluisli hue produced by venout 
blood (O prédominâtes in the lower half of 
the trunk and on the posterior aspect s of the 
handsand feet. 
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Distribution of comportent* 

of skin pigmentation in the Mng body 
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Surface of the Skin 

The outward appearance of the skin is 
characterized by furrows and folds as well as 
plateaus and ridgev Coarse furrows are près- 
ent in the form of flexion creases at the joints 
and as fanai movement fines. 

Skin tension lines . Lines of greatest and 
icast tension are visible on the skin. The lines 
of greatest tension (A), or relaxcd skin tension 
lines, anse frorn the action of underlying 
muscles, and knowledge of their location is 
important for surgery. Relaxed skin tension 
lines usually are oriented perpendicular to 
muscle fiber orientation and often corne- 
spond to folds (wnnkles) in aging skin. 

Glnlcal note Properly made skin incisions fol- 
low thé Imes of greatest tension, afkiwing 
wrajrrd closwc wuh a minimum of tension. In* 
cisions made perpendicular to lhe II nés of 
grraiest tension c*n resuk in gapmg wounds. 
detayed heatmg. and an unsamfactOTy cos* 
met k nutiome 

Excessive Jtretrinng. such as of the abdominal 
skm durmg pregnancy or weiglit gain, tan 
cause iears in die dermis (see p. «MIS), The re- 
suhlny sniae dtstrnsar. ni stretch marks, are im* 
tially bluish red m tolor but laret betome 
white They usually develop perpcndkular to 
the direction of stmch. 

Hair-bearing skin (B). Most of the skin 
covering the human body has a relief pat¬ 
tern of Crossing furrows that form tnangu- 
lar. rhombic, or polygonal plateaus. On top 
of these plateaus eccnm* swcar glands open. 
and at certain sites apocrino sweat glands as 
well. The furrows contam the haïr and the 
pores of the sebaceous glands , The connec¬ 
tive tissue papilUe of the papillary layer 
( see p. 406ff,) are often poorly developed In 
the surface of the hair-bearing skin. the der * 
mal papillae are arranged with haïr follicles 
and sweat gland excretory ducts to form 
what may be described as cockade-shaped 
épithelial ndges and roseffe-s/iaped epif/ie- 
hal rom, 

Glabrous skin (C). The skin on the soles and 
the palms (especially on the finger pads) 
possesses fine, parallel ridges measuring 
about 0.5mm wide, on top of which the 
sweat glands (Cl ) open This skin îs hairless 


and does not contain any sebaceous or 
apocrine sweat glands. The ridges are 
formed by rows of papillae of the papillary layer 
of the dermis (see p 40S), resultmg in a 
rougher texture that enhances gripping, The 
gervetically determined, charactenstic pat¬ 
tern unique to each individual makes ît 
possible to use fingerpnnting (dacfylogrtwi) 
as a means of identification (dacfyfoscopyk 
The four types of ridge patterns on the ftnger 
pads are highly variable: arc/i iDI loop 
DU). w/ior/(DIII).and doub/e/oop( DI V 

Régénération of skin. The skin has an efficient 
renewal System. Folktwing an injory. immune 
tells in the dermal layer fight local infections and 
tapillancs and connective tissue structures are 
restored. The surface is re~epithrli*ed as \kin 
grnws from a round the periphery of tiw- iniury 
site over the régénérât ing connective tissue The 
resulting scar is initially red duc to capillary for* 
malien, but later appears white due to collagen 
fibers visible thiough the epithelium Acvessory 
skin structures tc^. glands and hairi cease to 
form at the sue of ihc scar 

Age relaied skin changes. I hcefTectsof aging on 
the skin include di*genero/ion (atrvphy) of /heder* 
mis, fhinnmg qf ihr epidtrmi^flaitmng of lhe drr- 
mal papillae and foss of Mibcutanewn fattv lissue 
isec p 40fiff.| These changes do m* only occur 
with thcomall aging of ihebody, but areahode- 
teimined by Umg-ierm exogenoiis factorv (eg, 
sunlight, weather, and rlmiate) and the levd of 
skin pigment.U ion Age-ielated changes are most 
évident in (air-ski nned people and on sun-ex- 
posed parts of the body {e.g, face, netk, postenor 
surfâtes of lhr hand-. and forearmsi Changing 
themical propemes of the connective tissue 
ground substance causes ftuid loss and a rçduc 
lino in elastk fibers in ibe dermis and subeu 
tanenu* tissue, The skin becomes increasingly 
loose, thin. sla<k, susceptible to wrinkling, and 
fragile, ifa fold of skin Ls pinched fpinth test" r. il 
is slow to return to the normal levrl of the sur- 
munding skm; pigmentation becomes irregolar 
tlltraviolrt rays (sunlamps; accéléraie the loss of 
skm elasticity. 
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The Layers of the Skin 

The skin is rrude up of the epidermis (AB1 ), 
which consista of stratifwd, keratinizing 
squamous epithelium, and the dermis (co- 
rium ) (ABCF2 ), which is a foyer of connective 
feue The dermis can bê divided into a 
papiUary loyer, containing conieal projec¬ 
tions that interdigitate with the epidermis, 
and a reinforcing rettcular layer. The epider- 
mis and dermis are scparated by a distinct 
boundary. but thcre is usually not a sharp 
transition between the connective tissue 
forming the dermis and that of the subcu- 
taneous tissue (subcutis) (AB3), The subcu- 
taneous tissue, which connects the skin with 
underlying structures (e g, fascia or perios- 
teum), contains adipose feue and larger 
vessefc and nerves (see p, 408). 

Gl.ibrous skin: A4 Menxnne sweat glands, AS 
Vater-Paclnl lamellar corpusdes, A6 Meissnrr tac- 
l lie corpusdcs. Hairy skin: B7 Hair, B8 Sebaceom 
gland. B9 Arrcctor pili muscle, B10 Apotrine 
sweat gland 

Epidermis 

New cells are contmuously being produced 
by mitosis in the basal layer of the epider- 
mis. These cells migrate to the surface of the 
skin within 30days. produrïng keratin as 
they move upward. The boundanes formed 
between the epidermal layers as a resuit of 
this process are most distinct in the 
glabrous skin (A), and only faintly de 
tectablç in hair-bearing skm (B), 

Régénération layer. The germinative layer 
comprises the basal and spinous layers of 
the epidermis. The basal layer of the epidermis 
consista of a single layer of tall prismatic 
cells (CF11 ) lymg directly on the basement 
membrane. Above the basal layer is the 
spinous layer {pnckle cell layer) »€F12. D) 
consisting of 2-5 layers of large polygonal 
kératinocytes whose spinedike processes 
are interconnected by desmosomes (E). The 
cytoplasm contains a dense network of în- 
termedtate filaments (keratin filaments, 
tonofilaments) that radiate into the desmo¬ 
somes (E). The 18 20pm wide intercellular 
spaces form a cavity System. 

Keratinization layer. The keratimzation 
layer comprises the granular layer (F13 1 and 
the clear layer ( F14), The flattened keratino 


cytes. which now lie parallcl to the skin sur* 
face, formingthe thtn granular layer (2-3 lay¬ 
ers of cellsk contaîn lamellar bodies < Odland 
bodies) and basophilie keratohyaline gran¬ 
ules. which indicate the beginnmg of kerat¬ 
in izat ion. The cornent s of the Odland bodies 
(glycoproteins. Iipids, and enzymes) un- 
dergo extracellular transformation, forming 
lipid lamellae that fill the intercellular 
spaces and make them imperméable. The 
bamer created by the Iipids protectsagainst 
fluid loss. Hnally, a thin. transitaient layer. 
the clear layer f F14 ) arises in which no nuclei 
or cell boundanes arc identifiable. Tins layer 
dérivés its name from the présence of the 
highly refractive. acidophilic substance. 
eleidin . which is found in cells undergoing 
keratimzation. 

Homy layer. In the tough and virtually im¬ 
perméable homy layer (FIS) con si st i ng of cel Is 
that no longer possess nudei or organelles. 
the fiat comeocyfes and kerarin form a cohe- 
sive layer that is continuaily sloughed offas 
horny (skin) flakes which are résistant to 
acid, but swell in alkaline substances. Kerat¬ 
in ization is regulated by vitamin A; défi* 
ciency leads to excessive keratmization, a 
disorder known as hyperkeratosis. 

tpidemial symbkmts. Nonkeratimzmg epiider- 
mal cells are rollectlvely descrrbrd as epidermal 
symbionts The lower cell layers tontatn mélano¬ 
cytes F16 J which are dendntu cells tif neuroec- 
todermal origin lhai produce the pigmem 
metonm The cell bodies of the mélanocytes resi 
directly on the basemeni membrane, and lheir 
dendritk professes exiend into îhe intmellular 
spaces to tlie middle part of the spinout layer, 
Mélanocytes transfer t heir pigment directly to the 
basal epidermal cells. A single mélanocyte sup 
plies about S-12 basal cells. Mclanin protects the 
basal layer (mitosis) from harmful uliravtnlet 
rays, 

UogrrlumrrHs i Fl7)are supra basal cells located in 
t he spinous layer T besc dcndritic cells have exten 
sive processes and are involvcd in the activity nf 
the immune System Originating in the bone mar- 
row. Langerhans cells présent antigens to resimg 
hdper T edfc, activanng them and inducmg a pri- 
mary immune response. A Ko contamed in the 
basal layer are a small numberofllerkel cells These 
sensory cells of neuiroectodermal origin lie directly 
on the basemeni membrane and are connecied 
wuh adjacent basal cells via desmosomes. Beneath 
each Merkel cell isa Merkel disr which is denved 
from a myelinated axon 
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The Integument: Skin 


Dermis (Corium) 


Subcutaneous Tissue (Subcutis) 


The dermis (corium) (A2) is much thicker 
than the epidermis (Al), lt contains accès- 
sory epîdermal structures, blood and lymph 
vessels, connective tissue cells, frec im¬ 
mune cells, nerves, and nerve endings and 
associated structures, A highly durable lat- 
ticework of inter/ûcmg bund/es of collagen 
fibers interspersed with e/asfic fiber net - 
works make the dermis tough and elastic, The 
elasticity of the skin is mainly due to the 
angular motion of the meshwork of collagen 
fibers with the elastic fibers acting to return 
the skin to its resting position, The dermis 
consiste of two layers: 

PapHlary layer (A4) (papillary dermis). The 
papillary layer borders directly with the 
overlying epidermis. It contains collagen 
fiber pegs. connective tissue papillae which 
Project upward and interdigitate with 
epîdermal rete ridges. binding the epider¬ 
mis to the underlying tissues. The height 
and number of dermal papillae varies by ré¬ 
gion and corresponds to the mechamcal 
forces acting on various régions of the body: 
for instance, the skin of the eyehd contains 
fewer and smaller papillae. while that 
covering the knee and elbow has larger and 
greater numbers of papillae. The dermal 
papillae contain hairpin capillary loops, fine 
nmes. and semory nerve endings. Collagen 
fibers are notably thinner. In the loosely 
structured papillary layer of the dermis, 
type lll collagen prédominâtes over type 1 
collagen. 

Reticular layer (A5) {reticular dermis). The 
loosely woven deheate collagen fibers [type 
lll collagen) of the papillary layer continue 
into the rettcular layer as tough collagen fiber 
bundles forming a dense fiber meshwork 
(type 1 collagen). The collagen fibers run 
nearly parallel to the skin surface and are 
accompamed by a network of elastic fibers 
Fibroblasts. macrophages, mast cells, and 
small numbers of lymphocytes lie between 
the bundles of fibers. The interstices contain 
a gel-like ground substance consisting of pro- 
teoglycans (hyaluromc acid, chondroitm 
sulfate, and dermatan sulfate), proteins, and 
minerais. Since pmteoglycans possess a 
high capacity for binding water, the dermis 
plays a vital rôle m regulatmg the skin fur- 
g or 


The subcutaneous tissue (A3), or subcutis, 
forms the connection between the skin and 
the fascia covering the body [A6} or perios- 
teum and allows movement of the skin The 
subcutaneous tissue contains adipose tissue 
in various amounts depending on the body 
site. Adipose tissue serves as a fat depot and 
provides msu/arion agaînsf heaf loss. Depot 
fat is distinguished from structural fat which 
is partmoned by fibrous bands of connec¬ 
tive tissue sîmilar to a quilted cushion, eg,. 
on the sole of the foot Depot fat. soch as that 
lymg beneath the skin of the trunk (pan- 
meu/us adiposus). is more prévalent. Dis¬ 
tribution of fat is genetically determined and 
isalso influenced by hormones. Men tend to 
accumulate fat around the abdomen while 
women typically store fat in the hip. but- 
tock. and breast régions. In certain places 
the subcutaneous tissue is looseand devoid 
of fat (eyelids, aunclcs. lips. pénis, scrotum, 
etc.). On the face and scalp (galea 
aponeurotKa) the subcutaneous tissue fis 
firmly anchored to underlying muscle and 
tendons (forming the basis for facial expres¬ 
sion), 

A7 Haïr AS Sebaceous gland, A9 Arrecior plli 
muscle. A10 Meromne sweat gland A1l Muscle 
layer 

Blood vessels. The arteries i B1 ) form a net 
work between the skin and subcutaneous 
tissue, supplying branches to the haïr roots, 
sweat glands <B2). subcutaneous adipose 
tissue. and dermal papillae The subpapillary 
plexus sends capillary loops(B3 j into the in 
dividual dermal papillae. The veins B4 
form network s beneath the papillae. within 
the dermis as well as between the skin and 
subcutaneous tissue, called cutaneous venous 
plexuses (BS) Artenovvnouv anastomoses in 
cluding specialized shunts known asglomus 
bodies which are présent in acral régions 
(e.g.. fingemps, tip of the nose), can in¬ 
fluence flow velocity. Changes in cutaneous 
circulation are an essential part of ther¬ 
morégulation. Lymphatic vessels also form 
plexuses. 

Nervesand sensory organsof theskin.See 
p. 414. 
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The Integument: Skin Appendages 


Appendages ofthe Skin 

Skin Glands 

The skin glands (A-D), hke the haïr and 
nails, are also accessory structures of the 
skin. They denve from solîd épithélial 
masses that project downward from the 
epidermis into the mesenchyme (dermis) 
around them and differentiate in the dermis 
to form various types of glands. 

Sweat Glands 

Eccrine sweat glands (B), The 2-4 million 
eccrinc glands, which are innervated by 
cholinergH: nerves, arc distnbuted over the 
entire body in a pattern thaï varies individu - 
ally and from région to région. They are 
densely dustered on the forehead, palms, 
and soles, and seattered over the neck and 
thighs. Eccrine sweat glands are narrow, un- 
branched épithélial tubes B1 ) that pénétrait* 
deep into the dermis or upper portion of the 
subeutaneous tissue, Their terminal parts 
form a coil 0.3-0.5mm in diameter icoil 
glands). The tubular seeretory units are 
formed by s impie, or oecasionally pseudo- 
stratified, cuboidal to columnar epithelium 
The seeretory cells conta in lipid droplets, 
glycogcn granules, and pigment granules. 
Between the glandular epithelium and the 
basement membrane is a discontinuous ar¬ 
rangement of contractile, ectodermal myo¬ 
epithelial cells (B2). The seeretory unit is 
continuous with the rather tortuous. cork- 
screw-shaped excretory duct ( B3 ' which is 
lined by a bilayer of cubotdal epithelium and 
opens on the epidermal surface. The con¬ 
nective tissue surrounding the ducts con 
tains fine fibers and has a rich capillary and 
nerve supply. 

The acid sécrétion (pH 4.5) of the eccrine glande in 
hibits bacterial growth (proretTive ond coa/iog). 
akh fftérrnonyii/anori by mearo of perspiration 
and évaporation (cooling ihe body). and e/imino 
non of electroiytes Na . K , 0 . and Ht O. isali 
cornent of sweai i» aboui 41 )- Normal ly aixwii 
100-250ml uf sweai is excreted per day. but a 
perctw can lose a^ much as 5 hiers per day wuh 
heavy physual activity and high amb<eni 
lemperaiurev 

Apocrinc sweat glands (C). The apoenne 
glands, which are innervated bv adrenergic 
nerves. are présent on the hair-bearing skin 


(axillae, irions pubis. labia majora, scrotum, 
and penanal région) as well as on the 
mpple. theareola.and in the nasal vestibule. 
Apocrinc glands are simple eoikd tubular 
glands wuh widcned alveolar seeretory 
umts. They are located in the subeutaneous 
tissue and empty into haïr follicles. Their 
seeretory ducts are lined by simple cpithelî- 
um of variable height. Dômes of cytoplasm 
(C4 t which tharacteristically project into 
their lumen are pinched off dunng the 
apocrinc sécrétion process, Between the 
glandular epithelium and basement mem¬ 
brane are densely arranged spindle-shaped 
myoepithelial cells (C5). 

Apncnnc sweat glands produce an alkalmf scar- 
don th.it eomaim odorants whnh play a rrîU- in 
w?*ual and social behavior Secreiidn bt'gim at 
puberiY Modifted sweat glands include thé 
cmmnmxis glands of the extemal acuuwti méd¬ 
ius and the ciftnry gfemth iMolls glands) of thé 
eyehcl 

Sebaceous Glands 

The sebareous glands (D) are holocrine glands 
thaï primarily originate from the haïr germ 
and open into the infundibulum of the haïr 
follicle (forming the pilosebaceous unit). 
Free sebaceous glands occur independently 
of haïr folhdes and are présent on the ver- 
million border, nostrils, linea alba of the 
buccal mucosa» mpple, eydid, labia minora, 
glans pénis, and prepuce. The fully 
developed sebaceous glands located in the 
upper layer of the dermis are individual. mul- 
tilobular acinar glands that open into a com- 
mon excretory duct Fach pear-shaped acinus 
contains mitotically dividing cells and is 
surroundod by a peripheral layer of prohfcr- 
oting matnx celh (germinal cells) (1)6 The 
matrix cells move loward the interior of the 
sebaeeous gland, which does not contain a 
lumen, where they mature into pdyhedral. 
weakly staining cells which contain intrcas- 
ing nunibers of fipid vomo/es and eventually 
pvknotic nwclei D7], The cells are ulti- 
mately completely transformed into sébum 
(DS}. 

About i-2g of sébum art* pioduted daily and 
serreted vu thé infundibulum onti) the surface of 
the ha*r and epidermis, maklng them pliable and 
water-resistdnt The fatiy acids temtamed in 
s(*buiti also give u battcrtcidal pjupertiei. 
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C Apocrine sweat glands. detail from A 
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B Etcnm? (merocnnc)sweat glands, 
detail frocn A 
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D Sebaceüus (hctocrlne) glands, 
detail from A 
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The Integument: Skin Appendages 


Hair 

Hairs are pliable keratinous filaments that 
possess a degree of tensile strength, Similar 
to tbe nails, the haïr originales from the 
epid-ermis (epidermal kcratinization). Haïr 
has an important fuiKtion in foueft percep¬ 
tion and insuiofion. Different types of haïr 
may be distinguished: lanugo hair (downy or 
woolly haïr) appears during fêtai life and is 
présent on the newborn until six monthsof 
âge. It is short, thin, Virtually colorless, and 
rooted in the dermls. Lanugo hair is re- 
p la ccd by an intermediate coat of haïr 
îwoolly or vellus hair) which starts to bc re* 
plaeed by terminal haïr at puberty Terminal 
hairs are longer, coarser. pigmented. and 
grouped together; they are rooted in the 
upper part of the subeutaneous layer. Ter* 
minai hairs develop in the axillary, pubic, 
and chest régions. The pal ms. soles, and 
portions of the external genitalia are devoid 
of hair. 

Terminal hairs are positioncd at an angle to 
the skin surface fhairline, whorls) withm 
the cylindncal root sheath- Opening into the 
root sheath is the sebaceous gland (A-DIJl 
A bove the level of the opening of the se- 
baceous gland, the upper part of the hair 
follicle is known as the infundibulum: below 
the level of the sebaceous duct the smooth 
arrector pili muscle (A-D2) has its origin, 
Passing beneath the epidermis, the arrector 
pili muscles contract in response to cold or 
psychological stress such as alarm or fear. 
causing the haïr to stand upright {hair- 
raising. goosebumps). 

Microanatomy.The haïr can bedivided into 
the root (A3) and the part protruding above 
the skin, or shaft (A-D4), The hair root rests 
on top of the hair bulb CAS) lacated above 
the connective tissue haïr papilla A6 , a 
conical projection extendmg upward from 
the dermts. The bulb, papilla, and surrou/id- 
mg connective tissue comprise the hair fol* 
Ikle The hair shaft is the fully keratimzed 
portion of the haïr A hard cortex makes up 
most of the shaft and is composed of a 
shingle-like arrangement of overlapping 
keratmized cells as well as keratm filaments 
that extend parallel to the haïr axis, forming 
a tube surrounding the medulla, The shape 


and orgamzation of the horny cells varies 
individually. 

Hair development Haïr drvelops from a circum- 
senbed mvagmaiion of epithelium (A-D7) that 
undergoes a process of modifird keratini/aiion The 
hair is the keratmized up. ihe epiihelial root 
sheath rAM i Islhe epidermal formel, and the con 
neerrve lissur root sheath (A9) (hair follrcbe) its 
*dermat papilla * Hairs grow from cells in the haïr 
bulb and are nourished by the papilla If the 
matrix is destroyrd. haïr cannot regrow. 

Hair color. The eoltir of lhe haïr is produced by 
rmimin depostis Melanm is synthesized by matrix 
rodanocytes, which originale from tht* neural 
cresl, and iransferred to the cells of the haïr bulb 
Graying occurs as pigmentation decreases, 
mdanin production ends, and the mélanocytes 
die. There are no mélanocytes In the haïr bulb of 
whiie hair The présence of air bubbles in the 
medulta also leadv to haïr whitrnmg. In albinos, 
mélanocytes fa il to pruduce pigment as a resutt of 
an enzyme defidmcy 

Hair growtli cycle. The lifespan of the haïr 
dépends on the type and its location on the 
body. Haïr lives from a few weeks to several 
(3-5) years: eyelash and eyebrow hairs live 
for KHMSOdays. Hair growth is cyclicaL 
Growth (0.3-0.4 mm daily. anagen phase) is 
followed by régression catagrn phase j and a 
resting State {telogen phases after which the 
hair fallsout. About 80% of the haïr follides 
on the body are in the growth phase and 
about 15-20% in the resting phase. Some 
50-100 hairs are lost each day The matrix 
becomes inactive, the mélanocytes tem¬ 
po ranly cease activity. and the épithélial 
haïr bulb (B-D10Ï détachés from the con¬ 
nective tissue papilla and is pushed outside 
of the body ( BCD) along with the thickened. 
club-like kiwer end. hence the term club 
hatr Dit ). The remaintng cells on the elon- 
gated papilla (02) give rise to a new bulb 
(Dt3) from which a new hair will grow. 

Haïr growth pal k m (K). Patterns of haïr growth 
are influeneed by hormones, Androgens stlmulate 
the growth of facial and pubic haïr In men. a 
rhumbu pattern of pubic haïr growth up to the 
level of the navel is typical; hair also usuaîly 
grows on the inner llughs, chest. and face Esiro- 
Rms lengthen the anagen phase, resultmg in 
thicker haïr In women pubic haïr growth is typi 
cally in the shape of a triangle and there te less 
terminal haïr growth on the irunk 
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Nails 

The nails also develop from the epidermis. 
They serve to protect the phalanges of the 
fingers and tocs, and also aid tactile percep- 
tion by providing a counter-force for tactile* 
pad pressure. e.g., on the finger pads (02). 
Loss of a fingernail results in decreased 
touch perception in the distal phalanx. 

Structure. The nails are translucent, curved 
keratin plates (BC1 ) about 0.5 mm thick.They 
are composed of layers of polygonal, Jlat- 
tcncd comijîed cells vvhich overlap like 
shingles and are reinforced by three layers 
of Crossing fono/îbnis. The nail lies on a nail 
bed ( BC2ii and hyponychium B3 (sce 
belowj, At its proximal end it is surrounded 
by the nail wall (BC4) which forms the ap 
proximately 0.5 cm deep sinus unguis near 
the nail root (B5). Deep in the sinus unguis is 
the nail matrix IB6 ). the anterior boundary 
of which forms the white area known as the 
lunule (A7). Growing from the free margin 
of the nail wall (BC4) is a thm layer of 
epithelium called the éponychium <C8j 
which grows onto the surface of the nail and 
îs pushed back dunng a manicure The 
latéral border of the nail is formed by the 
nail grooue fC9J. The proximal nail groove is 
continuous distally with the cutide 

Mail bed and hyponychium (BC2). The nail 
bed is produced by the nail matrix (B6). a 
proximal area of epithélial tissue located 
underthe nail root (B5 ). The natl grows 0.14- 
0.4 mm daily. Distal to the lunule A7.1 the 
natl bed is continuous with the hyponychium 
(AB3J and consists of only a germinative 
loyer on which the nail ts pushed distal- 
ward, There is a sharp boundary dividmg 
the nail bed from the nail which serves as 
the homy layer. The papillae consist of nar- 
row longitudinal ridges that interdigitate 
with the respective dermal ridges. The der- 
mis is connected with the peri-osteum of the 
distal phalanges of the fingers (CIO) by 
srrong retinacula. The capillary loops in the 
dermal ridges give the nail its pink appear- 
aore. At its distal end the hyponychium is 
continuous with the onyctiodermal band 
(B1U 


Cllnkal note. Nails can exhlbit important 
changés in me, surface, and color that may 
provide important diagnostic ducs. Damage to 
the nail matrix oit en résulte in permanent nad 
changes. If the mairix is completely destroyeÆ 
the nail will im regrow, 


Skin as a Sensory 
Organ— Cutaneous Sensory 
Recep tors 

AU skin layers are rfciily innervated, Part of 
the nerve supply is provided by autonomie 
nerves which pass to the glands, smooth 
muscle cclls, and vesscls. but most of the 
nerves supplying thé skin are sensory nerves 
The sensory nerves makc the skin a criti- 
cally important sensory organ in humans, in 
ternis of touch. température, pain, and vibra¬ 
tion perception. The distribution in the skin 
of sensory qualifies as well as sensory 
nerves varies by site on the body. Enrapsu- 
lated nerve endings which occur in the form 
of va nous structures (organs of soma- 
tovisccral sensation), are connected with 
diverse sensory qualities. The diagram (D) 
on tl>c facing page gives an overview of in¬ 
nervation of the skin (a detailed description 
can be found in Volume 3), 
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The Integument: The Breast and Mammary Glands 


Breast and Mammary Glands 

The breasts and mammary glands are epi¬ 
thélial denvatives: the glandular tissue 
dérivés froni apocrine primordia. 

BreaM development. In both sexes, near lhe end 
of the first embtyomc mont h a bandlike conden¬ 
sation of epithelium called the mammary slreak 
forms on eiiher side of the trunk between lhe 
branchial arch région and lall. During week 6 of 
embryontc hfe lhe mammary streak devdops into 
the mammary ridge between the «les where lhe 
limbs will develop, Croups of apocrine glands 
begm forming withm the mammary ridge During 
the third gestational mont h, the mammary ndge 
régresses. The remnant located oser the fourth in¬ 
tercostal space is known as the mammary hillwkv 
The anlagc of the definitive mammary gland com 
posed of about 15-20 epithclial-lmed ductutes 
with terminal end buds which laier givc rise to 
the parenthyma of lhe gland. 

In newborn* of both sexes the mammary glands 
develop under the influence of maternai placentat 
hormones forming visible and palpable eml 
nences on the surface of the body, In the initial 
days of postnatal life tbey secrete cokniral nulk 
Iwitch's mitk ), Du ring childhood breast develop¬ 
ment is graduai, us growth accélérâtes with the 
onset of puberty. and breast buds develop. 
Development of the female breast dunng puberty 
is mfluenced by estrogeti. prolactin. and growth 
hormone, and exhïbits great variance m ternis of 
size, shapc, and ccnisistency, The aimiuni of 
adipose tissue is another important déterminant 
Du ring pregnancy there is si rang growih «T the 
mammary glands, and toward the end of gesia 
tion. the glands, begm to produce milk When lac¬ 
tation ceascs (ablactation) lhe mammary glands re 
vert to the inactive State, and there te iocreasrd 
formation of conneaive tissue. 

Cross Anatomy 

Breast (B). The form of the mature female 
breasts is frequently related to their ethnie 
group; they may be hemisphcrïcal, disk- or 
cone-shaped. The breasts lie on either side 
of the body on the pectonil fasda between 
the 3rd to 7th ribs midway between the 
sternum and axillae. Between the breast 
and the faseta is a thin layer of (merstifiof 
connective tissue that permit s movement of 
the breast against the anterior wall of the 
thorax (D Each breast is fixed in position 


by collagen fiber bundles known as the sus* 
pensory ligaments of breast (Cooper’s liga¬ 
ments) between tlve dormis and connective 
tissue System of the breast. The position of 
the breast changes only minimally with 
postural changes. An axial procès* or axillary 
tail frequently projects ahove the margm of 
the pectoral muscles into the axtlla (C\ The 
space (clravagc) between the two breasts is 
callcd the internia mmary deft 

Nipple. The nipple (A) is usually located 
in the cerner of the breast. measuring 
10-12 mm in diaineter and pointmg slightly 
superiorly and latéral ly It is surrminded by 
the areola Al ion which the lactiferonsducts 
open via 10-12 pore-like npenings. The 
wrinkled skin of the nipple and areola is 
usually darker in color than its surround- 
ings. especially in women who hâve given 
birth. The tip of the nipple is unpigmented. 
In the pcnphery of the areola are 10-15 usu- 
ally circularly arranged nodular élévations 
called the areolar glands ÇMontgomerÿs 
tuberdes) (A2 i Tliey contait) apocrine and 
eccrij le sweat g/ands as wcll as (/lo/ocrine) 
sebaceous gk/nds which increuse therr sécré¬ 
tion during lactation. 

Variants. Il.it oi inverted nipples can impair 
breastfeedmg Accevsory breasls (polymastias (E) 
may be présent, with vanably developcd mam¬ 
mary glands, The presence of addition.il nipples 
only te known a^ polyttwiia 

Male breast. The anlage of the male breast corre¬ 
sponds to th.it in the female. but remains under- 
develnpcd The glandular body is about 1.5cm 
wide and 05cm rhïck During puberty. a tem- 
porary merease m development may occur. re- 
sulling m enlargement Igyorcomasiia 

Cllnical note. Abnormal breast (or nipple i mo- 
btlny or asymmetry may be due to diseasc 
(cancer) ot a disorder of lhe musculoskelétal 
System The frrqtiency of breast cancer by quad- 
rani is shown m (CJl For information on lym- 
phatlc supply of the breasts, see p. 82. 
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A Femali» breast 
and areola 



B Female breast, relation to thorax 


E Supernumerary mammary 
glands and nippées 




C Position of female mammary gland relative 
to axflla (cancer frequemy accordmg tû Bailcy) 


0 Normal mobility 
of female breast 


The Integument 
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The Integument: The Breast and Mammary Glands 


Microscopie Structure and Function 
of the Female Breast 

The breast consists of the mammary gland 
(At), composed of the comcal lobes 0 / f/ie 
mammary gland and adipose tissue (A2), 
which is surroundcd and partitioned by 
connective tissue. The size of the breast dé¬ 
pends mainly on the amount of adipose 
tissue; in smaller breasts the proportion of 
glanular tissue is greater, white in larger 
breasts the amount of adipose tissue pré¬ 
dominâtes. The fîrmness of the breast is de- 
termined by the tissue characteristics of the 
connective tissue and the fullness of the 
adipose tissue chambers. 

involution of glandular tissue begms betwwn 
the âges of 35 and 45, The lobes are replaced by 
adipose tissue, and the suspensory ligaments of 
lhe breast ;A3j become less taut. As agtng prog 
resses. the amount of adipose tissue also 
decrcases. 

A4 tVctor.il fasaa. AS Pectoral 15 major, D Radio- 
graph of mammary ducts (mammogram) 

Nonlactating mammary gland (B). Tiw ar¬ 
chitecture of the nonlactating mammary 
gland in the sexually mature woman is 
charaeterized by an irregular arrangement 
of 15-20 individual, branching tubular glands 
whose coiled terminal ends form the lobes 
of the mammary gland. Each lobe contains a 
collectingduct{A-C6i consisting of a branch¬ 
ing épithélial tubute with a sinall lumen. Its 
branches, the laetiferous ducts 1 AB7 j, are sep- 
arated by connective tissue BC8J. They are 
lined by a bilayered to multilayered 
epithelium and hâve bud-like termina! ex¬ 
pansions. Beneath the nipple, at the level of 
its base, the laetiferous ducts expand to 
form the 1-2 mm wide spindle-shaped Iac¬ 
tif ero us sinuses 1 A9) t which can widen dunng 
lactation to 8mm. The sinuses are continu* 
ous with narrow «teretory ducts which open 
on the surface of the breast. The laetiferous 
ducts, branching tubules, and terminal bud 
ends are embedded m a firm connective 
tissue stroma (BC8) that is somewhat less 
dense in the immédiate vicinity of thèse 
structures wherc it is also known as marn/e 
connerrive fissue (BtO), Dunng the ovanan 
cycle, the breast increases in size by 


15-45 ml as a result of sprouting of the lac- 
tiferous ducts. 

Lactating mammary gland (C). Dunng 
week 5 or 6 of pregnancy the lacttferous 
duas begin to sprout under the influence of 
estrogen. At the sa me time, new terminal 
buds develop, and the connective tissue is 
pushed aside. Around the middle of theges- 
tational penod. the laetiferous ducts are 
canalized; the latéral and terminal buds 
differentiate under the influence of pro¬ 
gestérone to form alveoli t B11 ) which are 
lined by a single layer of cuboidal to colum- 
nar epithelium. As parenchymal tissue in¬ 
creases, the amount of connective and 
adipose tissue decreases, The breasts be- 
come enlarged. and their consistency 
changes. In the ninth gestattonal month, 
prolactin induces the production of colos¬ 
trum (first milk), containing lipid droplets, 
lymphocytes, phagocytes, and cellular dé¬ 
bris. About three days postpartum the milk 
“cornes in“ (trama trônai milk), It contains 
lipid droplets, proteins, lactose, ions, and 
antibodws Sécrétion of mature breast milk 
Ix-gins on about day 14 post partum. 

Al iht- height of laciatkin fhe now tolumnar glan 
dular cells form lipid drapiers which are secreted 
wilh a membranooi tovrrmg mto lhe alveolar 
lumen lapocrtnr smettonj, At the same time 
there is a vigrxouv production of proieins. es* 
pecially casrin The alveoli and laetiferous ducts 
are surroundcd by rnyorpir/iefia/ cd/s which con¬ 
trat! under the influente of oxytodn, aiding milk 
éjection Secret ion of pmlactm and oxylocin is 
maintamed by lactilt stimulation of lhe nipple 
(neurw/iomimifl/ reflet Milk stasiv uccurv after 
cessaiion ol sucklfcig: the alveoli beeome distended 
and lear, and milk production ebbs. Phagocytes 
remove lhe remaming set retory tells and the 
glandular tissue involutes. 

Beneath the nipple and arcola (see p. 416) is 
a System of «nu/or and radioftng smoof/i 
musdr cells [A12) which are anchored by 
strong e/oshr fiben in tiw skin to the lae¬ 
tiferous ducts and veins. This elastîc, fi- 
bromuscular system causes érection of the 
nipple by contracting the areola wlule ex- 
panding the venu and laetiferous ducts. The 
sucklmg infant uses altemating pressure 
from the lips and jaw to empty the sinuses, 
which then fill again. 



Microscopie Structure and Function of the Female Breast and Mammary Gland 


419 



Tire tategument 





420 


Référencés 


Anatomy 

Bennmghoff A Anatomie: Makroskopische Anato¬ 
mie. Histologie, Embryologie. Zellbiologic. 
Drentkhahn D(ed). Munie. Jena: Urban & fischer. 
Vol 1. Zellen- und Cewebelehre. Entwick- 
lungslehre, Skelett- und Muskelsystem. Atem- 
sysiem. Verdauungssyslem. Harn- und Génital - 
System. I6thed. 2003 Vol2. Herz-Kreislauf* 
System. Lymphatisches System. Endoknnes Sys¬ 
tem. Nervensystem, Sinnesorgane. Haut. I6thed. 
2004 

Gertz SD. Liebman's Neuroanatomy Made F.asy and 
Undemandable. 6th ed. Gaithersburg. Aspcn 
Publiaher; 1999. 

Faller A. Schuenke M. The Human Body. An Intro¬ 
duction to Structure and Function: Stuttgan. New 
York: Thierne; 2004. 

Dauber W Pocket Atlas of Human Anatomy. 5th ed. 

Stuttgan, New York: Thierne: 2007. 

Frick H, Leonhardt H, Slarck D. Allgememe Anato¬ 
mie. Spezielle Anatomie 1, Extremitâten, Rumpf 
wand. Kopf, Hais. Taschenlehrbuch der gesamten 
Anatomie, Vol I. 4thed. Stuttgan. New York: 
Thierne: 1992 

Fnck H. Leonhardt H Starck D. Spezielle Anatomie H. 
Eingeweide. Nervensystem. Systematik der 
Muskeln und Leitungsbahnen. Taschenlehrbuch 
der gesamten Anatomie. Vol 2. 4thed. Stuttgan. 
New York: Thierne: 1992 

Fritsch H. lienemann A. Brenner E. Ludwikowski B. 
Clinical Anatomy of the Pelvic Floor. In: Advances 
in Anatomy. Embryology and Cell Biology. Vol 175. 
Berlin. Heidelberg. New York. Hong Kong, London. 
Milan, Pans. Tokyo. Springer: 2004 
Kahle W. Frotscher M. Color Atlas and Texrbook of 
Human Anatomy. Vol 3. 5th ed. Stuttgan. New 
York: Thierne; 2003. 

Kûpf-Maier P. Wolf-Heidegger* Atlas of Human 
Anatomy. 6th ed. Basel, London: Karger: 2004, 
Lutjen-Drecoll E, Rohen JW Atlas of Anatomy: the 
Functional Systems of the Human Body Bal¬ 
timore. London: Williams & Wilkins; 1998. 

Moses KP. Banks JC. Nava PB. Petersen D Atlas of 
Clinical Gross Anatomy. Elsevier Mosby; 2005 
Netter FH. Atlas der Anatomie des Menschen. 3rd ed 
Stuttgan. New York: Thierne; 2003 
Platzer W Color Atlas and Textbook of Human Anal 
omy. Vol I. 5th ed. Stuttgan. New York: Thierne; 
2004. 

Putz R. Pabst R (eds). Head, Neck. Upper Limb. In; 
Sobotta Atlas of Human Anatomy Vol I. I4th ed. 
Munich: Urban and Fischer; 2006. 


Putz R, Pabst R (eds). Sobotta Atlas of Human Anat- 
omy. I3th ed. Baltimore, london: Lippincott Wil¬ 
liams A Wilkins; 2001. 

Rauber/Kopsch. Anatomie des Menschen. Lehrbuch 
und Atlas. Leonhardt H. Tillmann B. Tdndury G. 
Zilles K (eds). Vol I: Bewegungsapparat. Tillmann 
B(edL 3rd.ed. Stuttgart. New York: Thierne; 2003 
Vol H. Innere Organe. Leonhardt H (ed). Stuttgart. 
New York: Thierne; l%7 Vol 111: Nervensystem 
und Sinnesorgane. Krisch B. Kubik 5. Lange W. et al 
(eds). Stuttgan. New York: Thierne; 1987 Vol IV: 
Topographie der Organsysteme. Systematik der 
Leitungsbahnen. Leonhardt H. Tillmann B. ZillesK 
(eds). Stuttgan, New York: Thierne: 1988 

Rohen J. Lutjen Drecoll, E. Funktionelle Anatomie 
des Menschen. lOth ed. Stuttgan. New York: 
Schatiauer; 2001 

Rohen JW. Yokochi C, Lutjen-Drecoll E. Color Atlas of 
Anatomy A Photographie Study of the Human 
Body bth ed. Stuttgan: Lippincott Williams & 
Wilkins; 2006. 

Schuenke M. Schulte E, Schumacher U, Ross. L 
Lamperti E. Thierne Atlas of Anatomy. Head and 
Neuroanatomy Stuttgart. New York: Thierne; 
2007. 

Schuenke M. Schulte E. Schumacher U. Ross U 
Lamperti 1. Thierne Atlas of Anatomy. General 
Anatomy and Musculoskeletal System. Stuttgan, 
New York: Thierne; 2006. 

Schuenke M. Schulte E, Schumacher U. Ross L 
Lamperti !. Thierne Atlas of Anatomy General 
Anatomy and Musculoskeletal System-Latin No¬ 
menclature. Stuttgan. New York: Thierne; 2006. 

Schuenke M, Schulte F, Schumacher U. Ross L 
Lamperti E. Thierne Atlas of Anatomy Neck and 
Internai Organs. Stuttgart, New York: Thierne; 
2006 

Schuize P. Anatomuches Wûrterbuch. Latemnch- 
Deutsch/Deutsch Latemisch. 7thed. Stuttgan, 
New York: Thierne: 2001 

Standnng S. Crays Anatomy. 39th ed. New York, 
Edmburgh. London, Oxford. St. Louk Sidney. 
Toronto: EL5EVIER Churchill Livingstone; 2005 

Termmologia Anatomica International Anatomical 
Termindogy. Ed. by the Federative Committee of 
Anatomical Terminology (FCAT). Stuttgan. New 
York: Thierne; 1998 

Tillmann B. Farbatlas der Anatomie-Zahnmedizm - 
Humanmedizm. Kopf. liais, Rumpf. Stuttgart. New 
York: Thierne; 1997 

Whitaker RH, Borley NR. Anatomiekompass. 
Taschenatlas der anatonnschen Leitungsbahnen. 
2nded. Stuttgan, New York: Thierne: 2003 


References 421 


Histology, Cell Blology, and 
Microscopie Anatomy 

Albem B. Molecular Biology ofthe Cell. 4th ed. New 
York: Garland Science; 2002. 

Fawcett DW Bloom and Fawcett. A Textbook of His¬ 
tology. 12 ed. New York. London: Chapman & Hall; 
1994 

Junquetra LCU. Basic Histology. Ilth ed. New York. 
London: McGraw-Hill: 2005. 

Kuehnel W. Pocket Atlas of Cyiology. Histology. and 
Microscopie Anatomy. 4th ed Stuttgart. New 
York: Thieme; 2003, 

Lüllmann-Rauch R. Histologie. Verstehen-lernen- 
Nathschlagen. Stuttgan. New York: rhieme; 2003 

Embryology, Developmental Biology, 
and Pediatries 

Baraitser M. Winter RM Fehlbildungssyndrome. 
2nded. Bern. Gottingen. Toronto. Seattle: Hans 
Huber; 2001 

Drews U. Color Atlas of Embryology. Stuttgart. New 
York: Thieme: 1996. 

Hinnchsen KV (ed). Humanenibryologie. Lehrbuch 
und Atlas der vorgeburtlichen Entwicklung des 
Menschen. Berlin. Heidelberg: Springer: 1990 

Moore. KL Color Atlas of Climeal Embryology. 2nd 
ed. Philadelphia, PA; London: W.B. Saunders; 
2000 . 

O’Rahilliy, R. Human Kmbryology Ht Teratology. 3rd 
ed. New York; Chichester: Wiley l iss: 2001. 

Sadler TW Medizinisthe Embryologie. lOthed 
Stuttgan, New York: Thieme; 2003 

Imaging Procedures 

Fteckenstein P, Tranum-Jensen J. Anatomy in Diag¬ 
nostic Imaging. 2nd ed. Oxford: Blackwell: 2001. 

Koritke JG. Sick H. Atlas anatomischcr Schmttbilder 
de* Menschen. Munich: Urban&Schwarzenberg; 
1982 

Moeller TB. Reif F. Normal Findings in Radiography. 
Stuttgart. New York: Thieme; 2000. 

Moeller TB. Reif E, Pocket Atlas of Radiographie 
Anatomy. Stuttgart, New York: Thieme; 2000. 

Moeller TB. Reif E* Pocket Atlas of Sectional Anat 
omy. 3rd ed Vol 2. Thorax. Ileart. Abdomen, and 
Pelvis. Stuttgart. New York: Thieme; 2007. 

Swobodmk W. Hermann M. AltweinjE. Atlas der m- 
ternistischen Ultraschallanatomie. Stuttgart. New 
York: Thieme; 1999 

Cardiovascular System 

Anderson RH. Becker AE. Anatomie des Her/ens. Fin 
Farbatlas. Stuttgart. New York. Thieme; 1982 

Bargmann W. Doerr W. Das Herz des Menschen. 
Vol I. Stuttgan. New York: Thieme: 1963 

Fôldi M. Casley-Smith JR. Lymphangiology. Stutt 
gan: Schattauer; 1983 


Krayenbuehl II, Yasargil MG. Cérébral Angiography. 

2nd ed. Stuttgart, New York: Thieme; 1982. 

Kubik S. Viscéral lymphatic System. In Via monte (jr.) 
M. Rüttimann A Atlas of Lymphography. Stutt¬ 
gart. New York: Thieme; 1980 
Loose KE. van Dongen RJAM Atlas of Angiography. 

Stuttgan. New York: Thieme; 1976 
Shepherd JT. Vanhoutte PM. The Human Car¬ 
diovascular System: Facts and Concepts. New 
York: Raven Press; 1979 

Staubesand J. Funktionelle Morphologie der Ar- 
tenen. Venen und artenovenosen Anastomosen. 
In: Angiologie. Heberer G, Rau G. Schoop W (eds) 
founded by Ratschow M 2nd ed. Stuttgan. New 
York. Thieme; 1974 

Tomanek RJ. Runyn RB. Formation of the Hean and 
us Régulation. Basel: Birkhâuser; 2001 

Respiratory System 

Becker W. Atlas der Hals-Nasen-Ohren-Krankheiten 
einschheKIich Bronchien und ôsophagus. 2nded. 
Stuttgan. New York: Thieme; 1983 
Becker W. Ear. Nose, and Throat Diseases. 2nd ed. 

Stuttgan, New York: Thieme; 1994. 

Crystal RC. West JB. Barnes PJ. Weibel ER (eds). The 
Lung. Scientific Foundations.. 2 VoL 2nd ed. 
Philadelphia: Lippincott Williams & Wilkins: 
1997 

Lang J. Klimsche Anatomie der Nase, NasenhOhle 
und Nasennebenhohlen. Stuttgan. New York: 
Thieme; 1988 

Urinary System 

Al ken CE. Dix VW, Coodwin WF. Wtldbolz E Hand- 
buch der Urologie. Vol I. Berlin. Heidelberg: 
Springer; 1969 

Cosling JA. Dixon JS. Humpherson JR. Funktionelle 
Anatomie der Nieren und ableitenden Harnwege. 
Fin Farbatlas. Stuttgart, New York: Thieme; 1988 
Al ken CE. Urology: Guide for Diagnosisand Therapy. 
Chicago. London, Year Book Medical; 1982. 

Male Génital System 

Holstein AF. Rossen Runge EC. Atlas of human sper- 
matogenesis. Berlin: Crosse; 1981 

Female Génital System 

Kàser O. Friedberg V. Ober KG. Thomsen K. Zander J 
(eds). Gynakologie und Gebunshilfe. Stuttgan. 
New York Thieme; 1981 

Endocrine System 

Bargmann W Das Zwischenhim-Hypophysen- 
system. Berlin. Heidelberg: Springer. 1964 
Bargmann W Lectures on the Dtencephalon. 
Amsterdam. New York: Elsevier Pub Co.; 1964. 



References 


Fuxe K. Hôkfelt T. Luft R. Central Régulation of the 
Endocrine System. New York: Plénum Press; 1979 
Pearse ACE. The diffuse neuroendocrine system and 
the APUD concept: related "endocrine" peptides 
in brain. intestine, pituitary. placenta and anuran 
cutaneous glands. Med. Biol. 55: H5-125 (1977) 

Blood and Lymphatic System 

Begemann M. Praktisthe Hamatologte. Klmik. Thér¬ 
apie. Methodîk. Ilthed. Stuttgart. New York: 
Thieme; 199B 

McDonald GA. Dodds TC. Crukkshank B. Atlas der 
Hamatologte. 3rded. Stuttgart. New York: 
Thieme; 1979 

QueiBer W Das Knochenmark. Morphologie. Funk 
tion. Diagnostik. Stuttgart. New York: Thieme: 
1978 

Staines NA. Brostoff J. Keith J Introducmg 1m- 
munology. 2nd ed. St. Louis. London: Mosby: 
1993. 

Theml H. Diem H. Haferlach T. Color Atlas of Hema 
tology. 2nd ed Stuttgart. New York: Thieme; 
2004. 


Skin 

Iggo A. Andres KH. Morphology of cutaneous recep- 
tors. Ann. Rev. Neurosci. 5: 1-31 (1982) 

Kobori T. Montagna W Binlogy and Disease of the 
Haïr. Baltimore: Umversîty Park Press: 1975 
Montagna W. Ellis RA. Silver AF. Bilhngham R. Hu F. 
Advances m Biology of Skin. Vols 1 -VIII. Oxford: 
Pergamon; 1966 

Odland CF. Structure ol the skin. In Coldsmith LA.. 
Biochemistry and Physiology of the Skin New 
York: Oxford Umversity Press; 1983 (pp. 3-63) 


423 


Illustration Crédits 


• 413 B D adapted from Aubertin G: Das 
Vorkommen von Kolbenhaaren und die 
Veranderungen derselben beim Haar- 
wiederersat 2 . Arch mikrosk Anal 47: 
472 -500(1896) 

• 405 A adapied from: Bethmann; Zoltàn 

• 327 A adapied from Bûcher O. War- 
tenberg H: Cytologie, Histologie und mik- 
roskopische Anatomie des Menschen. 
11th ed. Bern: Huber; 1989 

• 413 E adapted from: Conrads 

• 403 A D adapted from: Edwards EA. 
Duntley SQ: The pigments and color of 
living human skin. Am J Anat 65: 1 -34 
(1939) 

• 81 ABC, 83 ABDF, 85 ABCD, 97 C adapted 
from: Feneis H: Anatomisches Bild- 
wôrterbuch der internationalen Nomen- 
klatur. 8th ed. Stuttgart: Thieme; 1998 

• 369 endokrine Zellen adapted from: 
Heitz PU: Das gastro-entero-pankrea- 
rische endokrine System. Medizin un- 
sererZeit 4: 15-22(1980) 

• 409 B adapted from: Horstmann E: Die 
Haut. In: Handbuch der mikroskopischen 
Anatomie des Menschen. Suppl, to Vol. 
111/1, von W Bargmann (ed.). Berlin: 
Springer; 1957 

• 377 AB adapted from: Knoll 

• 381 Immunsysiem adapted from: Mùller- 
Hermelink HK, von Gaudecker B: Onto¬ 
genèse des lymphatischen Systems beim 
Menschen. Verh Anal Ces 74 : 235 - 259 
{ 1980) 

• 399 B adapted from Pabst R: The ana* 
tomical basis for the immune function of 
the gut. Anat Embryol 176: 135-144 
(1987) 


• 25 AB, 31 ABC, 33 A, 35 B. 83 E, 103 AB. 
105 B. 121 A, 125 AB, 131 B. 137 A. 139 A. 
179 AB. 185 AB. 187 B. 189 B , 195 AB. 197 
C. 201 B. 207 B. 217 B. 223 AB. 231 C, 239 
A. 241 B. 243 A. 245 AB. 249 B, 251 C. 257 
C. 263 C, 269 C. 271 A. 281 A. 285 AB. 349 
AB adapted from: Platzer W: Atlas der 
topographischen Anatomie. Stuttgart: 
Thieme; 1982 

• 415 B adapted from: Rauber/Kopsch: 
Anatomie des Menschen. Lehrbuch und 
Atlas. H Leonhardt. B Tillmann, G Tôn- 
dury, K Zilles (eds.). Vol. 111: Nerven- 
system/Sinnesorgane, ed. by B Krisch. 
S Kubik, W Lange. H Leonhardt, P Leuen- 
berger, G Tôndury. K Zilles. Stuttgart; 
Thieme; 1987 

• 345 C adapted from: Rotter W: Die En- 
twicklung der fetalen und kindlichen Ne- 
bennierenrinde. Virchows Arch path Anat 
316(1949) 

• 361 Terminalzotte adapted from: Schie- 
bler TH, Kaufmann P: Reife Plazenta. In: 
Becker V, SchieblerTH, Kubli F (eds.): Die 
Plazenta des Menschen. Stuttgart. New 
York: Thieme; S. 51 - 100 ( 1981 ) 

• 347 AC adapted from: Watzka M: Die 
Paraganglien. In: Handbuch der mikro¬ 
skopischen Anatomie des Menschen, Vol. 
V1/4. Springer: Berlin; 1943 

•415 D adapted from: Weddell G: The 
morphology of peripheral nerve termina¬ 
tions in the skin. Quart J Microsc Sci 95: 
483-501 (1954) 

• 405 D adapted from: Wendt GG: Finger- 
leisten und Krankheit. Zur menschl. 
Vererbungs- und Konstitutionslehre 30: 
588-601 (1952) 



424 Index 


Index 

Please note: Page numbers m iro/ics refer to pages wiih illustrations. 
Where there is a page span. tbis indudes the illustrations 


A 

abdominal breathmg 134 .135 
abdominal cavity 2, 3. 182-189. 
224-227 

embryonic 314,3/5 
lymph nodes 82,83 
newborn 318. 3/9 
abdominal contractions(birth) 
308 

abdominal esophagus 176,177. 
190, 191 

abdominal muscles 134,182 
abdominal organs 184-187 
abdominal ostium 274.275 
abdominal walls 182, /83, 188. 
/89. 226 .227 

portal-caval anastomoses 216. 
2/7 

abortion. spontaneous 310 
absolute cardiac dullness 32 
accessional teeth 162, 16 3 
accessory hemiazygos vein 66.67 
accessory parotid gland 154. /55 
accessory (supernumerary) 
breasts4l6.4/7 
acidophilic glandular cells 332. 
333 

adnarcells 156.157,354.355 
aclni/aclnar glands 220.22/. 
324-327.410 

acquircd immumty 380. 38/ 
acromial anastomosis 54 
acrosome 252,253 
acrosome reaction 296.297 
actm filaments 20.2/ 
Adamsapple 108, 109 
Addison disease 344 
adductor muscles 290,29/ 
adenohypophysis 330-333 
adhesion (pre-implantation) 298 
adipose cells. parathyroid 352, 
353 

adipose tîssue 

female génital région 286.287 
mammary glands418,4/9 
pcnrectal 264.265 
rétrosternal fat pad 36. 37 
subeutaneous 408 
subepicardial 36-39. 132, 133 
thymie 388 
adnexa 268 
adolescence 320.3 21 
adrenal glands 324. 325, 342 -347 
cortex 342-345 
fêtai 304 


kïdneys and 238.239 
medulla 342-347 
in rétropéritonéal ipace 230. 

23/ 

sectional anatomy 224-227 
vascular supply 342,343 
adventitia 118 .119 
ofbileduets2l8 
m bronchi/bronchioles 126. 127 
digestive tract 142 ,143 
ductus deferens 256.257 
esophagus 176. 177 
rénal pelvis and ureter 240.24/ 
ago-related changes 
adrenal cortex 344. 345 
haïr 412 
ovaries270 
skrn 404 

thymus 386-389 
utérus 276 

aggregated lymphoid nodules 
(Pieycr's patches) 1%. /,99. 204. 
205. 384. 398.399 
alar cartilages 96.97, 100 
albumm 375 

Alcock s canal (pudendal canal) 
286-290 

alimentary system 2.142 .143 
abdominal cavity 182-189 
enteroendoenne cells 192, 198. 

364,365. 367-369 
head and netk 168 181 
intestines 196-207 
newborn 318. 3/9 
oral cavity 144-167 
rectum and anal canal 208-211 
stomach 190-195 
sec aïso under spécifie organs 
allergie reactions 372. 374 
alpha cells 354. 355 
alveolar artenes 48.49, 166. 167, 
174. 175 

alveolarbone 160, 164 
alveolarducts 124. 126 .127 
alveolar glands 324, 325 
alveolar nerves 166 
alveolar processes, of maxillaf 
mandible 158 
alveoh 

lungs 94.124, 126. 127 
mammary glands 418.4/9 
ameloblasts 164 

ammo acid dérivât ives. hormone 
ctass 328 

ammotic cavity 300. 30/. 312, 3/3 
ammotic fluid 300. 306 


ammotic sac 306, 307 
ampulla.ofduodenum 196. /97 
anal canal 202,203. 208-211 
female génital system 282.283. 
290.29/ 

ncurovascular supply 210 .211 
anal columns 210 .211 
anal Mds 210 
anal opemng 290.29/ 
anal sinuses 210 .211 
anal sphincters 
mchildbirth 306. 307 
external/intcrnal 208.209. 290. 
29/ 

anal transition zone 210.2// 
anal valves 210 ,211 
anatomie dead space 126 
anchoring villi. placenta 302. 303 
androgen bmding protem (ABP) 
356. 357 

androgens 344,356-358,412 
androstenedione 344. 358 
anémia 372 
angioblasts 376 
angle of mandible 154. /55 
angle of mouth 144 ,145 
angle of stomach 190 .191 
angular artery 46.47.96.97 
angular masure, stomach 190, 
191, 192 

angular vein 68.69. 70 
annularligamems 118 .119 
anococcygeal body 208.209, 288, 
289 

anocutaneuus hne 210 .211 
ano rectal flexure 208,209 
anorectal jonction 210 .211 
anorectal lymph nodes 84,85 
antagonists. m occlusion 166 .167 
anterior commissure 330. 33/ 
antenor piturtary gland 332. 333. 

336. 337. 339.356. 357 
annbody dépendent cell-medi- 
ated cytotoxioty 382 
antibody production 380. 398 
amidiuretic hormone (ADI I) sce 
vasopressin 
antigens 380, 398 
anus 142. /43. 208.209. 288.289 
m childbirth 308. 309 
aorta 6. 7 10. H 
abdominal 44.45 
ascendmg 10. //.44. 45 
cross section 36. 37,132 ,133 
mediastmumand 136 .137 
descendmg 12. 13. 44.45 
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abdominal cavity 188, 189, 
224-227 

cross section 36-39 
iliacartenes 58,59 
mediastinum and 138. 139, 
178 ,179 

pancréas and 222 .223 
rénal System 230 .231, 240, 
241 

senulunar cusp* 34,40.4/ 
thoraot44.45 
cardiovascular system 30. 31. 
36-39 

esophageal région 176 
mediastinum and 44 138. 139 
respiratory system 44. 122, 
123. 128, 129 

vessel walls 22. 23. 88. «9 
aortie arch 10-13.44.45. 52.68. 
69 

esophagus and 176-179 
longs and 122 .123 
mediastinum and 138 .139 
radiographie view 34.35 
aortie bifurcation 44,45 
aortie bulb 22 ,23 
aortie isthmus 44.45 
aortK lymph nodes 280 
aortie paraganglia (Zuckerkandl's 
organs!346 

aortie plexus, abdominal 180 
aortie sinus 22 .23 
aortie valve 16-19.22.23.40.41 
auscultation site 34.35 
Apgar score 318 

apkal foramen, oftooth 160 .161 
apical lymph nodes 80 .81 
apocrme sécrétion 326, 327 
appendicular artery 204.205 
appendicular lymph nodes 82. 83, 
204 

appendix. vermiform see vor- 
miform appendix 
appendix of çpididymis 250.251 
appendix of test» 250.251 
apposition ( pre-implantation) 

298 

APUD cell concept 364 
arch of erieoid cartilage 108.109 
arch of azygos vem 66 .67 
arch of thoracic duct 78. 79 
arcuate artenes 62.63. 234 235 
areuate veins 234.235 
areola 416,417 

areolar glands (Montgomery s 
tubercles) 416.417 
arms 

artenes 54.55 
lymph nodes 80 .81 
arrector pili muscle 406-409,412. 
413 


arterial arcades, small intestine 
200.201 

arterial cirde, cérébral 50.51 
arterial system. cardiovascular 
région 44.45 
artenes 
skin 408.409 
vessel walls 88,89 
artenes ol pems 262 .263 
artérioles 88.89. 126 
arteriovenous anastomoses 88. 
408.409 

arteriovenous plexuses 210 
aryepiglotnc folds 112-117 
aryepiglottic muscles 170 
arytenoid articular surface 108. 

109 

arytenoid cartilages 108.109. 112- 
114. 116. 117, 174. 175 
arytenoid muscles 112.113 
ascending aorta sec aorta, 
ascending 

ascending colon sec colon, 
ascending 

Aschoff-Tawara node 26.27 
astrocytes 340,341 
allant* part, vertébral artery 52. 
53 

allantoaxîal joint 174.175 
atlasregion 174.175 
atria 10.11,32 
cardiac cycle 42.43 
echocardiography 40.41 
fêtai 8.9 

left 6.7. 12. 13. 16. 17. 178. 179 
right 6-9, 12-15.34.35 
transverse section 38,39 
true 14.15 

walls of 18. 19,26,27 
atrial muscle 18.19 
atrial natriuretic peptides(ANIM 
42.362 .363 

atnoventncular bundles 26.27 
atrioventncular node 26.27 
atnoventncular onfice 16 
atrioventncular septum 26.27.40. 
41 

atnoventncular valves 14 -17.22. 
23. 38.42 

$ce also mitral (bicuspid ) valve; 
tricuipid valve 
auditory tube 
artenal supply48 
cartilagmous pan of 172 .173 
mucosal structure 106, 107 
opemng 106. 107, 168, 169. 172. 
173 

tonsilsand 106.107 396.397 
Auerbach s (myemeric) plexus 
142. 180. 198 


au rides 

cross section 38.39 
hormone storage 362 
left 10.11. 16.17. 34, 35 
right 10.11.14.15 
vasculature24.25 
walls of 18.19 
auncular artenes 46-49 
auncular vein68. 69 
auscultation, heart sounds 34.35 
autocrine/paracnne signalltng 328 
autoimmune disorders 380 
autonomie nervous System 334 
335 

axillary artery 52-55 
axillary lymphatic system 80 ,81 
axillary process of breast 416.417 
axillary vein. tributaries 72. 73 
axons, endocrine system 334-336 
azygos vein 128.178,179 
cross section 36-39.132 ,133 
from esophagus ISO. 181 
lungsand 122,123 
mediastinum and 136. 137 
tributaries t o 66 .67 
azygos vein arch 66.67 


B 

balanced circulation 24 
band cells 378 .379 
Bartholm s (vestibular) glands 
268.269.284.285. 364 
basal granules, endocrine cells 
364.365 

basal layer. skin 406,407 
basal plate, placenta 302 .303 
Basedow disease (hyperthyroid- 
ism)350 

basement membrane 
capillanes 88. 89 
enteroendocrine cells 364.365 
glomerular capillanes 236 .237 
seminiferous tubules 252.253 
thyroid follides 350,351 
basilar anery 50-52 
basilar plexus 70. 71 
basilic vem 72. 73 
basivertébral vein plexuses 66 
basophilie glandular cells 332. 
333 

basophilie granulocytes 372-375 
bell-shaped dental organs 164 
bemgn prostatic hyperplasia 258 
beta cells 354.355 
8ichal s fat pad 144,145 
bicuspid valve sec mitral 
(bicuspid) valve 
bile, production 214 
bile eanalicuh 214.215. 218 



426 Index 


bile ducts 184, 198, 199,214,218. 
219.222.223 
mterlobular 214,2/5. 218 
bile pigments 372. 394 
biliary ductules 214 
biogemc monoamine 364 
biological sex. at fertilisation 294 
birth 8. 9, 304*309 
birth canal 304-309 
birth position, baby 304, 305 
bladder see urina ry bladder 
blast cells 378 

blastocyits 298,299, 312.3/3 
blastomeres 298. 312 ,313 
blood 372-375 
hematopoiesis 372.373, 
376-379.392,394 
blood-air barner 126 
blood circulation 6, 7 
fêtai 8.9 

newborn 8,9. 308 
blood groups ( ABO) 372 
blood plasma 372 
blood pressure, hormonal control 
362 

blood sérum 372 
blood vessels 
embryonic 376 
intestinal villi 198,199 
întrarenal 234,235 
skm 402.403, 408.409 
structure and functton 86*91 
blood volume 372 
bloodstream. exocrine secretory 
units 326, 327 
body proportions 
embryomc/fetal 314 -317 
postnatal 320 .321 
body surface area, postnatal 316 
body wall. veins of 76. 77 
body weight.childhood 320,32/ 
bone marrow 
hematopoiesrs 372.373 
embryomc/infantile 376.377 
in immune System 380. 381, 384 
bony structures 
nose 96-101 
thoracic wall 134. /35 
Bowman capsule 236.237 
brachial arteries 54-57 
brachial lymph nodes 80 .81 
brachial plexus 132 .133 
brachial veins 72.73 
brachiocephalic trunk 10-13. 52. 
178. 179 

from aortic arch 44,45 
cross section 132, /33 
mediastmum and 136 .137 
brachiocephalicveins 178 .179 
left/right 66*69 
tributartes 30, 180. 181. 386 


bram 

arteries to 50,5/ 
pmeal gland and 340.34/ 
temporal lobes 172 ,173 
bram nainuret* peptide (BNP ) 
362 

brain sand (corpora acervulus) 
340.34/ 

branchial arches, embryonic 314 
3/5 

breast cancer 416.4/7 
breasts 416-419 
breathmg mechamcs 134.135 
breathmg movemcnt* 120 
broad ligament of utérus 188. 189. 
244.245. 268-271, 27A, 275, 

280 .281 
bronchi 

diffuse endocrine cells 367 
intrapu Imonary 122-127 
lobar 38,39. 122-125 
main 118. 119, 122-125 
mediastinumand 136. 138 .139 
microanatomy 126 ,127 
neuroepithelial bodies 364 
segmentai 124. /25 
transverse section 36.37, 132. 
133 

vascu la r System 128 .129 
bronchiassociatcd lymphoid 
t issue (BALT) 384,398 
bronchial asthma 128 
bronchial cartilage 126 .127 
bronchial glands 126, 127 
bronchial tree94,95. 126 ,127 
bronchial vessels 128. /29 
bronchioles 124. 126 ,127 
bronchoartenal umts 124 ,125 
bfonchomediastmal trunks78. 79 
bronchopuImonary lymph nodes 
36.37 126-129, 132, 133 
bronchopu Imonary segments 124. 
125, 128 

Brunner s fduodenal) glands 198. 
199. 324 

brush border, enterocyto* 198. 
204 ,205 

buccal artery 48.49 
buccal fat pad 144, /45 
buccal nerve 144 
buccal salivary glands 144 
buccmator muscle 144,145. 154 
Z55 

buccopharyngeal fascia 168 
buccopharyngeal membrane 312 
buchopharyngeal membrane 312 
bulbof pénis 208 ,209 
vessels of 58.59.74.262.263 
bulbospongiosus muscle 260.26/, 
284,285. 306. 307 
childbirth and 306-308 


bulbourethral (Cowper s) glands 
248,249,262,263 
bulbs of vestibule 268.269, 284. 
285. 290.29/ 
vessels of 58.59.74 
bundle ofllis 26.27 


c 

CSsectionalanatomy 174 ,175 
cakaneal artenal branches 64.65 
calcitonm 329.350 
calcitriol 352 

calcium 164. 340.34/. 352 
canalofisthmus 276 
canaliculi.dental 160.16/ 
ca na Is of Me ring 218 
cancer metastasis 84. 194, 390 
canine tceth 158. 159, 162.163 
roots 174 ,175 
Cannon-Boehm point 206 
capacitation. sperm cells 2% 
capillaries6.86,88.89 
lenestrated 350*353 
fêtai 36/. 386.388 
looped 408 .409 
sheathed fellipsoid ) 394 .395 
sinusoïdal 346.347 
capillanes (lymphatic) 6.7 128 
capillary networks 334-337. 354. 
355. 362. 363 
lymphatic 390 
capillarysinuses344 
caput médusa 216 
cardia (gastric) 190, 191, 194,195, 
224.225 

cardiac borders 32,33 
cardiaccycle 42,43 
cardiac dullncss 32 
cardiacganglia 28.29 
cardiacglands.gastnc 192,193 
cardiac hormones 362,363 
cardiac innervation 28.29 
cardiac muscles 14 17.20. 21. 2b, 
27 

cardiac nerves/nerve plexus 28. 
29. 138 ,139 

cardiac notch.ol lung 122. /23 
cardiac pacemaker 26.27 
cardiac skeleton 18 ,19 
cardiac veins |4. 15. 24.25 
cardial notch 190. Z9Z 
cardial orifice 170. 176.177. 

188 191 

cardinal (Matkenrodt'sï ligament 
280 

cardiodilatm (atrial natnuretic 
peptide |ANP1)42, 362.363 
cardiomyocytes 362.363 
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cardiovascular région, arterial Sys¬ 
tem 44.45 

cardiovascular System 2.6. 7 
arterial System 44-65 

see als o undcr named arteries 
fêtai 8. 9 
heart 10-43 

seea/so under heart 
lymphatu System 78-85 
newborn 318,3/9 
overview 6-9 
venous System 66-77 
vessels 86-91 
canna of trachea 118 .119 
Carnegie stages, embryomc 
development 312,3/3 
carotène 402.403 
caroticotympamc arteries 50. SI 
carotid arteries 

common 10-13.44-47,132.J33. 

138, 139. 174.175 
external 48.49, 172-175 
branches 46.47. 120 .121 
internai 50. 51. 102.103. 120. 

121. 172. 174. 175 
branches 120. 121. 330 
carotid bifurcation 50.51 
carotid body46.47 
carotid canal 172 
carotid glomus (paraganglion) 

346.347 

carotid sinus 46.47 
carotid sulcus 102 
carotid syphon 50.5/ 
carotid triangle 46 
carotid tubercle 46.47 
carpal arches 56.57 
carpal branches, radial/ulnar 
arteries 56.57 

cartilaginous nasal structures 96. 

97. 100 .101 
catccholamines 346 
see o/so epmephrine; norepme- 
phnne 

cathcterization. male urethra 262 
caudal fuldmg. embryomc 314. 

315 

caval System 66.67 
cavemous plexus ofconchae 100 
cavernous sinus 68.70.71. 102, 

103. 330 

cavernous spaces, corpus caver- 
nosum 260 
cecal arteries 204.205 
cecum 186. /87 202-207.226 .227 
vascularfold of 186. /87 202 
celiac ganglia 200, 342.343 
celiac lymph nodes 82.83. 194. 

/95. 200.206.220. 392 
celiac nerve plexus 194. (95. 216. 
218.220.238.254 


celiac trunk 44.45.200 .201. 224. 
225 

branches 194.195. 216 
cell-niediated immumty 382. 388 
cell membrane, in sécrétion 326. 
327 

cernent, dental 160. 161. 164 
ce men todent mal junction 160, 

161 

central arteries 394,395 
central lymph nodes 80.81 
central vein2!4,215 
central venous accès s 72 
centroactnar cells 220 .221 
cephalic folding. embryomc 314. 
315 

cephalic présentation 304.305 
cephalic vem 72.73 
cerebellar arteries 50.51 
cérébral arteries 50.51 
cérébral vems 70.71. 340 
cervical arteries 52.53 
cervical canal 276.277.296 
cervical cardiac nerves 28.29 
cervical esophagus 176-179 
cervical fascia 120. 121. 178.348. 
349 

cervical glands276.278.306.307 
cervical lymph nodes 
anterior 80.81 

deep 100. 101. 116. 174. 175. 180 
latéral 80.81. 348 
upper 144 

cervical nerve ganglia 28.29. 340. 
348 

cervical nerves 152 
cervical région 120.121 
cervical sinus 352.353 
cervical veins 68 
cervicothoracic ganglion 28,29, 
180. 348 

cervix 276-279.282.283. 286. 
287. 304-307 

inchildbirth 304,306-308 
newborn 318 
cheeks 144. 145. 158 
chest radiograph 34.35 
chtef cells 192. 193. 352.353 
childhood 320.321. 386. 389 
chin. arterial supply 166 
choanae 98.100. 101. 106. 107. 

168. 3% 

cholecystokimn fCCK) 364.368 
chorda tympam 148, 154 
chordae tendtnae 14-17.22 
chorran 302.303. 360.361 
chortonitgonadotropin. human 
|hCC)360 

choriomc somatomammotropin 
360 

chononw villi 302. 312 


choroidal arteries 50. 340 
chromaflin cells 346 
chromophobic glandular cells 
332.333 

chromosomes, in gamètes 294 
chyle 194 

chyle cistern 6. 7. 78, 79 
Cirde of Willis (cérébral arteries) 
50.5/ 

circular folds(Kerckrtng s valves) 
198. 199 

circumflex artery 24.25 
dcansing glands» tongue 154 
cleavage of zygote 298.299 
clitoris 268.269. 284 285. 290.29/ 
vascular supply 58.59.74. 75 
cloacal membrane 312 
coccyx 208.264.265. 286-289 
at birth 304.305 
colic arteries 206,207 
col>e flexures 186.187 206.207. 
222-227 

colic lymph nodes 206.207 
colic vems 216.217 
collagen fibers 
dental 160.164 
dermal 408 

collateralarterie5 54.55 
collectmg ducts 
mammary 418.4/9 
rénal 234-237 
colloid 350. 35/ 
colon 

ascendmg 184-189,202.203. 

206.207 

descendmg 184-189.202. 203. 

206.207 222.223.226.227 
haustrae 186. 187.202.203 
sigmoid 186. 187.202.203. 
206-209 

transverse 184-187.202.203. 

206.207 
colostrum 418 
commissural cusps 22.23 
commissure of bulbs 284 
commissures of labia majora 284. 
285 

commumcating arteries 50.5/ 
conchae. nasal 100 
conductmg airways 94. 95 
conducting System of the heart 
20.2/. 26.27 
connective t issue 
dental 160. 164.165 
dermis 406.407, 408 
lungs 124 

mediastmum 136. 137 
rénal System 240.24/ 
testes 356.357 
longue 148.150. 151 
vessel walls 86.87. 90 
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connective ttssue capsules 
ad rénal glands 342 
lymph nodes 390. 391 
pituitary 332. 333 
spleen 394. 395 
thymie cortex 388. 389 
tonsils 396.397 
connective ti»ue cells 
mesangeal 236 .237 
paracnne action 364. 365 
connective tissue spaces 2.3. 182. 
183 

Conn syndrome 344 
constrictor muscles, pharyngeal 
108.120. 121, 150, 151. 168 170 
continence, fecal 210 
contraception 300 
conus artenosus 14.15. 38,39 
conus elastKus MO. III. 114.115 
Cooper s (suspensory) ligaments 
ofbreast 416.418.419 
cords of the umbilical arteries 8.9 
corium see dermrs (corium) 
cormculate cartilages 108. 109, 

114 

corniculate tuberde 114-117 
corona mortis 58.59 
corona of glans pénis 260.261 
corona radiata 272,273. 294-297 
coronary artenes 
left 12. 13, 22-25, 38.39.44 
right 22-25. 38.39.44 
in systole 42 

coronary circulation 24,25 
coronary ligament 188.189.212, 
213 

coronary sinus 14,15.24-27 
coronary sulcus 10-13,18.19. 24, 
25 

coronary veins 24.25 
corpora acervulus (brain sand) 
340. 341 

corpora cavernosa 
clitoris 284 
penrt260-263 
corpus albicans 272.273. 358 
corpus luteum 270,272.273,298, 
300. 324.358 
corpus rubrum 272,273 
corpus spongtosum 260-263 
corrugator cutis muscle 208 
cortex, of thymie lobules 388, 389 
cortex corticis 232.233 
cortical granules 296.297 
cortical labrynth 232,233 
cortical reaction, fertihzatton 296. 
297 

cortical remodellmg processes 
344. 345 

cortical vesicles 296.297 
corticolibenn (CIF) 338.360 


corticotropin (ACTH) 332.339 
cortisol 304 

costadiaphragmatic recess 130. 

131 

costal cartilage 38.39 
costal margm 182.183 
costal pleura 130 
costal procès* 226.227 
costocervical trunk 52.53 
costodiaphragmattc recess 134. 
224-227 

Cowper s (bulbo-uréthral) glands 
248.249.262.263 
cranial fossa 102. 172 
cramai nerves. in swallowmg 170 
cramum 70.71. 172,173 
cremaster muscle 254,256 
cremastenc artery 254 
crcmastenc faseta 250,251 
cnbiform plate of the ethmoid 
100.101 

cricoarytenoid joint 110,11/ 
cricoarytencud ligament MO. 111 
cricoarytenoid muscles 112 ,113 
cricoid artuular surface 108 .109 
cricotd cartilage 108 -112,114.118. 
120 .121 

esophagusand 176. 177 
parathyroid glands and 352 
pharynx and 168.169 
thyrotd gland and 348. 349 
cricothyroid joint 110 .111 
cncothyroid ligaments MO. 111, 
120.12/ 

cricothyroid muscle 112,1/3. 116. 

120 ,121 

cncotracheal ligament MO, III 
crista terminais 14. 15 
crown oftooth 158-162 
crown-rump length 
fêtai 314.316 
newborn 318 
crura of clitoris 268.269 
cruraof nostrils96.97. 100.10/ 
crura of pems 260.261 
crypts(intestinal glands) 198.199. 
204,206 

crypts of tonsils 3% 
cubital anastomosis 54,55 
cubital lymph nodes 80.81 
cubital vem 72. 73 
cumulus oophorus 272,273 
cuneiform cartilages 114 
cuneiform tubercle 114-117 
Cushing syndrome 344 
cuspsof teeth 158.159 
cusps of valves 
aortic. semilunar 38 -41 
heart 14. 15 

mitral (bicuspid) 16.17.40 .41 
tricuspid 22.23 


cutaneous sensory receptors4l4, 
415 

cyclic changes 
vagma 282 

see abo menstrual cycle; men¬ 
struation 

cystic artery branches 218 
cysttcduct 218.219 
cystic vnns 216.218 
cytoplasm, of oocyte 294.295 
cytotoxic (killer) T lymphocytes 
382 

cytotoxiciry. annbody dépendent 
cell mediatcd 382 
cytotrophoblaste ( Unghans cells) 
298. 302.303. 360.361 


D 

dartos fascia 250 
decidua bastlts 300-303 
decidual septa 302.303 
deciduation 300.30/ 
deriduous teeth 158, 162 ,163 
défécation 210 

déhydroépiandrostérone (DHCA) 
344 

delta cells 354 

deltopectoral lymph nodes 80, 

81 

dendritic cells 384 
dental arcades 158. 166 .167 
dental arch of the maxtlla 102 
dental branches 
alveolarartery 166.167 
maxillary artery 48 
dental formulas, tooih numbenng 
158 

dental lamina 164,165 
dental nerve plexus 166 
dental organs. bel! shaped 164 
dental papilla 164 
dental pulp 160, 161. 164. 165 
dentin 160.161, 164.165 
denttnoenamel junction 160,161 
dermts (corium ) 402.404. 
406-409 

desmosomes 20. 21. 406.407 
detrusor muscle 242 
diabètes mellitus 354 
dtaphragm 
arterial supply 44 
attachment sites 188. 189 
in breathmg 134,135 
dômes of 182 ,183 
esophageal hiatus 176.177 
liverand 212.2/3 
position of 32-35. 178. 179, 224. 

225 

diaphragma oris 152 
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diaphragmatic lymph nodes 82, 
83,216 

diaphragmatic pleura 130 
diastole 22.23.34,42,43, 88.89 
diencephalon 330. 331. 340. 3 41 
diffuse endocrine System 324. 
356-369 

digastric muscle 152-155.170 
digestive tract, ovcrview 142 .143 
digital arteries 56,57.62*65 
digital veins 76, 77 
dihidrotestosterone (DUT) 356, 
357 

diplokr veins 70 

Disses ( pemmusoidal ) spate 214, 
215 

divrrticulae, esophageal 176 
dopamine 328, 329. 350 
dorsal veins of pénis 262,263 
dorsomedial nucléus 336.337 
duct of cpididymis 250*255 
ductless glands 324, 325 
ductsof glands 156.157 
ductus arteriosus/venosus 8.9 
duct us deferens 244,248.249. 

256-259.264.265 
ductus deferens artery 254.256. 
257 

duodenal (8runncr's) glands 198. 
199. 324 

duodenal flexure* 1%. 197 
duodenal folds/fotsae 186. 187, 
1%. 197 

duodenal papillae 198.199. 
218-221 

duodcnojejunal flexure 186 .187 
1%. 197 222,223 
duodénum 184-187, 196-199, 
226.227 

endocrine cells 364. 367-369 
lymphatic drainage 200 .201 
neurovascular supply 200 .201 
dura mater, artery to 50 
durai venous smuses 70. 71 


E 

early pregnancy lactor ( K PF ) 300 
ears. anerial supply 46.47 
see alsa auditory tube 
cchocardtography 40.41. 178 
efïector celte 398 
effettor hormones 334,336 
see ûko oxytoem; vasopressm 
(AVP) 

efferent ductules 252 - 255 
egg cells (oocytes) 270.272-274. 
2%. 297 

ersinophilic granulocytes 372-375 
ejaculate294 


ejaculatory ducts 256-259.262. 
263 

éjection phase, cardiac cycle 42. 
43 

elastic fiber* 
bronchioles 126 
dermis 408 
mammaryglands418 
vesscl walls 86.87 90 
elastx membranes 86-89 
electrocardiogram (ECC) 26 
electrolyte balance 410 
embryoblast 298.299, 312, 313 
embryomcdevelopment 298-301, 
312-315 
aortic arch 44 
spleen 392 
thymus 386 
tooth germ 164,165 
embryomc dise 312, 313 
embryomc hematopoiesis 376. 

377 

embryomc pôle, of blastocyst 298. 
299 

emissary veins 70 
enamel. dental 160.161.164,165 
endocardium 18. 19. 24.25 
endocrine tells 
cardiomyocytes 362,363 
panireatic islets 354. 355 
endocrine glands 324. 325.328. 
329 

endocrine System 2.324-329 
adrenal glands 342-347 
cardiac hormones 362.363 
diffuse 42.43. 270. 324. 

356-369 

hypothatamic-pituitary axis 
330-339 
ovaries 358. 359 
pancreatic islets 354. 355 
pinçai gland 340. 341 
placenta 360, 361 
teste* 356.357 
thyroid gland 348-353 
endoderm. embryomc dise 312. 

313 

endometrium 278.279.298-301 
endoplasmit réticulum 344. 345, 
354. 362. 363. 382. 383 
endorphin 339 
endothélium 

fenestrated in Jiver 214 .215 
pénis 260 

vessel walls 86 -90.236.237 
endothoracic fa scia 130. 136 
enkcphalm 329. 367 
enterocytes 198. 199. 204,205 
enteroendocrine cells 192. 198. 

364.365. 367 369 
enteroglucagon 368 


epiblast 312 .313 
epicardium 18. 19. 30, 31 
lymph network 24.25 
panetal layer 30. 31 
epidermis 402.406-409 
haïr growth 412.413 
lips 144. 145 
nails 414 .415 
epididymis 248*255 
ductus deferens and 256 
fu net ion 254.255 
ligaments of 250 .251 
lobule of 252 
epigastrie angle 134,135 
epigastric artenet 52.58*61 
epigast rie lymph nodes 82.83 
epigastnc veins 74.76. 77 254 
epiglottfcc cartilage 108.109 
epiglottit valleculae 148 .149 
epiglottis 108*110. 114-117, 170. 
171 

epinephnne 328 
epmephnne cells 346 
epiorchium 250 
epipharynx 168.169 
episiotomy 306 
épithélial cells 
endocrine 354 
reticular 386, 388 
épithélial tubes 410 .411 
epithelium 

ciliated 98, 100, 114.126 .127 
t68. 274. 278.279 
columnar 192.193. 210.218, 
256-258.262. 274.278 .279. 

350.410 .411 

cuboidal 126.127 236.237 270. 

350.398.399.410.411 
dôme 398, 399 
enamel 164.165 
flattcned 236.237 350 
fotlicular 272 
germinal 252,253 
gland ular 274.352 
keratim/ed 144. 145 
mucosal 100. 396 
pseudostratified 258 
respiratory t08.118 
squamous. 

keratmized 144. 145.406 ,407 
nonkeratmized 108.114. 148. 

176. 177. 282 

stratified nonkeratimzed 210 
transitional 242. 244.262 
epitheloid venules 384 
éponychium 414.415 
érection, pénis 262 
erythroblasts 378. 379 
érythrocytes 372-379.394 
erythropoietm 378 
esophageal constrictions 176. 177 
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esophageal glands 176, 177 
esophageal vances 180, 216 
esophagus 176-181 
abdominal pan 176, 177, 190, 
191 

cervical pan 176-179 
digestion system 142 ,143 
lungsand 122 ,123 
lymphatic drainage 180 ,181 
mediastinum and 136-139 
microanatomy 176, 177 
muscle fibers 176 
neurovaseular supply 178-181, 
216 ,217 

parathyroid glands and 352. 
353 

pharynx and 168 ,169 
retropertcardial part 178 
sectional analomy 36-39.132, 
133. 178, 179. 224,225 
in swallowing 170 ,171 
thoracic pan 176-181 
thyroid gland and 348 ,349 
trachea and 120 
wall 176, 177 
estradiol 358,359 
estrogen 272,274,278,296,304, 
358-360 

estrogens, haïr growth pattern 
412 

ethmoid bone 98 101 
ethmoidal aneries 98-101 
ethmoidal bulla98, 102, 104, /05 
ethmoidal cel1s98, 102-105 
eugnathia 166, 167 
excretory ducts 156, /57,258.418 
excretory passages 240-245 
exoenne glands/ secretary umts 
214.324-327 

exocytosts 326,327, 332, 364. 365 
expiration 134,135 
external acoustic méat us 352,353 
external uréthral onfice 260, 261, 
284,285 

extraepithelial glands 324. 325 
extraperitoneal space 182 ,183 
extrautenne pregnancy 298 
eyes 

aneries 46 .47 
fêtai 316. 317 
vems 68 


F 

face 

artenes 46-49.%. 144, 172-175 
embryonic/fetal 314-317 
innervation 148, 154 
lymph nodes 80 ,81 


muscles 172-175 
vein$68.69. %-98. 144, 174, 
175 

facial skm 144 ,145 
fakiform ligament 184, 185. 188, 
189. 212 ,213 
faix cerebri 70. 71 
fascia 

kidney 238,239 

pelvic diaphragm 288, 289. 290 

pems 260 ,261 

fat body. ischioanal fossa 264. 
265,290 ,291 

fat capsule, pcnrenal 238.239 
fat-storing cells (Ito cells) 214 
fat (subeutaneous) 
néonatal 316, 318 
see obo adipose trssue 
fatty acid dérivatives, hormones 
328 

fatty appendages. omental 186. 
187 

fautes. isthmusof 144-146 

feces 142 

feet 

aneries 62-65 
vascular arches 64,65 
veins76.77 

fcmale génital System 2.268-291 
external gemtalia 284,285 
newborn 318 
ovanes 270-273 
uterine tubes 274.275 
utérus 276-281 
vagina 282,283 
female organs 
bladder 242,243 
breasts 416-419 
urethra 244,245 
female pelvis 244.245. 286-291 
fémoral epiphysis. newborn 318. 
319 

fémoral nerves 264,265. 286.287 
fémoral vessels 60. 61. 74-77,264. 

265, 286 ,287 
fémur 264,265, 286-289 
femtm 378 

fertilization 274.294-298 
fêtai circulation 8.9. 36/ 
fêtai hematopoiesis 376.377 
fétus 300, 310, 311, 314-317 
bmh position 304-309 
tooth germ 164. #65 
fibroblaste 252,253. 361. 384 ,385 
fibroelastic membrane of larynx 
110 

fibromusculocartilaginous layer. 
trachea 118 

fibrous appendix of liver 212, 21 3 
fibrous capsule 
kidney 232,233 


liver 214 

thyroid gland 348. 349 
fibrous pencardium 30, 31 
fibrous rings/tngonev heart 18. f9 
fibular arteriev 64.65 
Hliform papillae. longue 148 .149 
fimbriae, uterine tube 274,275 
fimbriated fold. sublingual 152, 

#53 

fmgernaiM14 .415 

fmgers 56,57 

Tissures, oflungs 122 ,123 

Ooating kidney 238 

Huid balance 344,402 

foliatc papillae.oftongue 148 .149 

foliberin 338 

folhcle-stimulating hormone 
(FSH) 356-359 
foIlKles 

lymphoid 390, 391 
ovanan 270-273.358.359 
of thyroid 350.35/ 
folltcular antrum 272,273 
follicular épithélial cells, in ovum 
294.295 

follicular (estrogen) phase. ovar- 
tan cycle 358.359 
follicular stellate cells 332 
follitroptn (KSH > 332, 339 
fontanelles, newborn 318, 3/9 
food 

digestion 194.200,220 
ingestion 170, 171. 176, 177 
metabolism 344 

foramen cecum, of longue 148 .149 
foramen ovale 8,9. 16. 17, 172 
foramena tran&versana 174. /75 
foiearm 54.56.57. 72.73 
loreign bodies, in bronchi 118 
foreskm (prcpuce of péni s) 260, 
26/ 

fossa for gallbladder 184. 212 
free tema 202,203. 206.207 
frenulaofiips 144 .145 
frenulum of clitoris 284,285 
frenulum ol ileal orifice 204.205 
frenulum ol labia minora 284,285 
frenulum of prepuce 260 
frenulum of longue 152 ,153 
frontal bone 100 103 
frontal smuses 102-105 
fungiform papillae.of longue 148, 
/49 


G 

C cells 192. 354, 367 
C gastnn (G) cells 192,354,367 
GABA mhibitory neurotransmitter 
354 
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gallbladder 184. 185. 218.21.9 
liwrand 212 
pancréas and 222.223 
sectional anatomy 224-227 
CALT (gut-associated lymphoid 
tissue) 384. 398.399 
gametes 274.294,295. 310-313 
gametogenesis 294.295 
ganglion cells 346. 347 
gap junctioni ( nexus) 20. 2\ 
gas exchange, respiratory system 
94 95. 126. 127 

gastricarteries44.45. 194.195. 
222.223 

gastnc bubble 190 
gastrtc canal 190. 191 
gastnc fold* 190. 191 
gastru fonction 194 
gastnc glands 192.193 
gastnc jutce 192.194 
gastnclymph nodes 82.83. 194. 
195 

gastnc motitlity 194 
gastnc mucosa 190.191 
gastnc pits 190-193 
gastnc veins 180.181. 194.195. 
216.217 

gastrm 364.367 
ga*trm(G)cells 192.354,367 
gawrin-releasing peptide (GRP) 
367 

gastrocohc ligament 184.185. 190. 

206.207.226.227 
gastroduodenal artery 194.195. 
200 . 201.220 

gastroomental art cnrs 194,195 
gastroomental lymph nodes 82. 
83, 194,195 

gastroomontal veins 216 
gastropaixreatic fold 222.223 
gastrophremc ligament 188. 189. 
190.224.225 

gastrosplemc ligament 188.189, 
190.392.393 
gastrulation 312,313 
gemelh muscles 288.289 
gendrr, at fertilisation 294 
gender-spécifie behaviours 356 
genetic information 294 
gemcular anastomosa 62-64 
genicular artenes 62.63 
gemcular vascular System 76 
genicular vein 76 
gemoglossus muscle 150. 151. 154. 
155. 174,175 

gemohyoïd muscle 150-153 
génital system 

female ser female génital Sys¬ 
tem 

male *ee male génital system 
newborn 318 


gemtalia 
embryomc 314 
female external 2B2-285 
fêtai 316 

male extemal 260-263 
gemtofomoral nerve 254.256.284 
germinal cells 410.411 
gestation period 310. 311 
gingiva 144 146. 158. 160-162. 
166 

tooth éruption and 162 
glabrous skm 404-407 
glands 324-329 
laryngeal cavny 114.115 
submandibular 152 
see crlso endocrine system; 
sebaceous glands: sweat 
glands 

glandularactivity, régulation 328. 
329 

glansof clitoris 244.245 
glanspcms 260.261 
Ghsson s tnad 214.215 
glomcrular artérioles 234-237 
glomerular capillanes 236.237 
glomerular capsules 234-237 
glomeruh 234-237 
glossocpiglottic fold s 148.149 
glossopharyngeal nerve 146.148. 

154.170 
glottis 116.117 
glucagon 354, 366 
glucocorticoids 344 
glucose-dependent tnsulm- 
releasing peptide (GIP) 368 
gluteal arteries 58.59 
gluteal veins 74, 75 
gluteus maximus muscle 264. 

265.286.287.290.290 
goblet cells 204.205. 218. 324 
325 

Colgi apparatus 326.327. 350. 
354.362.363 

gonadotropm-releasing hormone 
(GnRM) 356.357 
gonadrtropms 300. 328. 360 
Graafian follicles 270-273 
granular endoplasmic réticulum 
326.327 
granular layer 
of follicle 272.273 
skmepidermis406.407 
granulocytes 372-379. 382-384. 
396 

granulopoiesis 376. 378.379 
granulosa cells 272.273 
granulosa lutem cells 272. 358 
growth factors, placental 360 
gut-associated lymphoid nssue 
(GALT)m 398,3 99 
gynetoma*tia4l6 


H 

habenulae 340.341 
haïr 316. 318.412.4/3 
hair-bearing skm 404-410 
haircolor4l2 
haïr follicles 409.412.413 
hairpm capillary loops 408 
ha i rs of vest ibu le of nose 96,97 
hands 

a rie ries 56.57 
veins 72.73 
hard palate 144-147 
Hassalls corpuscles 388 
head 2,3. 142. 172-175 
artenes 46.47 
lymph nodes 80.81 
Size3l4.3l6.3l8 
veins 68.69 
heart 

apex 10. 11. 32.38-43 
base 10-13 

c ha mbers (OverView) 14-17 
conductmg system/heartbeat 
26-28 

extemal features 10-13 
fonctions 42.43. 362,363 
innervation 28.29 
newborn 318.319 
outflow tract 14-17 
pericardium 30 .31 
position 32-39 
valves (OverView) 22.23 
vasculature 24.25 
wall 16.17. 18.19.20.2/ 
seealsoi tna; aurides: mitral 
(bicuspid) valve; tmuspid 
valve: ventncles 
heart attack 12.24 
heart sound s 34.35 
height. childhood 320.321 
helicene arteries 260 
helperT-cells 382 
hematopoiesis 372.373. 376-379. 
392. 394 

embryonic/infantile 376.377 
hemiazygosvem 66.67. 128.138, 
139. 180. 18/ 

hemocytoblasts 376-379 
hemoglobm 372. 394 
hemorrhoids2IO. 216 
hemosiderm 378. 394 
heparin (endogenous) 372. 374 
hepatic arteries 
common 44.45. 200.20/. 216. 
224.225 

proper 184. 194, 195, 212-214. 
216-218.222.223 
hepatic bile ducts 214. 218.219 
hepatic lymphatic System 82.83. 
200.212.213.216.218 
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hepatic portai vem 180. 181. 214. 
216,2/7.224.225 
left/nght branches 194, /95. 
224.225 

omenlumand 184. 222.223 
tributaries 200.20/. 204. 206. 
216-218.354 

hepat ic Stella te cells ( phagocytic 
cells) 214.380 

hepatic veins 6-9.66.67. 216 
hepatocolic ligament 206.207 
hépatocytes 214.2/5 
hepatoduodenal ligament 184. 

185 . 196. 197. 222 .223 
hepatogastric ligament 184,185. 
190,194,212 

hepatopancreatic ampulla 218. 
219 

hepatorenal ligament 188 ,189 
Herrmg bodies 336 
heterodont dentition 158 
hiatus herma 176 
hiatus semilunaris 104. /05 
hila 

of kidneys 232,233 
oflungs 122-124.132,133 
of ovanes 210.271. 324,358 
of spleen 392.393 
hila modes 128 

hip joints région 264,265, 286, 
287 

histamine 367, 372 
histiocytic retïcular cells 384 
holocnne sécrétion 326,327 
hormones 
autocrine 364 

endocrine 324, 325, 364,365 
hypothalamus-pituitary 334, 
335, 338-339 
paracrine action 364,365 
signallmg 328.329 
synthesis 328,329 
hormone neceptors 328 
hormone transport 334-336 
horns, of larynx 108, 109 
homy layer of skm 406.407 
human chonomc gonadotropin 
( hCC ) 300. 360 
human development 310 ,311 
postnatal 318-321 
prénatal 310-317 
humerai arteries 54.55 
humerai vem 72 
hyd roc hlonc acid 192.194 
hymen/hymenal caruncles 282. 
284 285 

hyoepiglotticligament MO. 111 
hyoglossus muscle 150. 151 .170 
hyoglo&sus nerve 154 .155 
hyoïd bone 110. 111. 150-153. 
168-173 


hypergonadotropic hypogonadism 
356 

hyperparathyroidism 352 
hyperthyroidism ( Basedow's dis- 
ease)350 
hypoblast 312,3/3 
hypogastric nerve plexus 210. 211. 
256,258.262.264.265.268. 

280 

hypoglossal nerve 150. 152 
hypoglossus muscle 152-155 
hyponychrium 414.4/5 
hypopharynx 168. /69 
hypophyseal arteries50. 330 
hypophysial fossa 102, /03 
hypophysis 330,33/ 
hypothalamic- pituitary axis 
330-339 

hypothalamicohypophysial tract 
336.337 

hypothalamus 304,330-339 
infundibulum 330-333 
hypoihyroidism 350 


I 

IgAfimmunoglobulin A) 398 
ileal arteries 200.20/ 
ileal orifice 196.204.205 
ileal papilla 204.205 
ileal vems 216.2/7 
ileocecal fold 202 
ileocecal junction 186 
ileocecal lip 204.205 
ileocecal recesses 186. 187. 202, 
203 

ileocecal valve 204. 205 
ileocolic artery 204.205 
ileocoliclip204.205 
ileocolic lymph nodes 82.83, 204 
ileocolic vem 216,2/7 
ileum 186. 187. 196-205 
iliac arteries 
circumflex 60.6/ 
common 44,45. 226,227,244. 
245 

branches 58-61 
external 44.45 
branches 60,6/ 

internai 44,45. 58 -61.240,24/. 
280 .281 

branches 58.59.210 .211. 242 
iliac lymph nodes 84.85.242.258. 
274.282 

iliacvems 226.227 
circumfVrx 74-77 
common/extemal 66.67 74. 75 
internai 66.67. 74. 75. 280 .281 
tributanes210. 282 
iliacus muscles 226.227 


iliococcygeus muscle 286-289 
iliohypogastnc nerve 238,239 
ilioinguinal nerve 238,239.254, 
284 

iliolumbar artery 58. 59 
iliopsoas muscle 264,265, 286. 
287 

immune systrm 344.372,374. 
380-383 

lymphoid organs 384 -399 
skin 402 

vermiform appendix 204 
immumty 380, 38/ 
immunoblasts 378,379 
immunocytes 378.379 
immunoglobulm receptors 382 
immunoglobulins 382.396 
implantation 298,299, 310-313 
incisive canal 100 .101 
incisive papilla 146 .147 
mcisor tceth 158, 159. 162, 16 3. 
166 

infancy 170, 320.32/ 
inferior vena cava 6. 7 18, 19. 66, 
67 

fêtai circulatKin 8,9 
liver and 212,2/3 
openmg 12-15 

portai caval anastomoses 216, 
2/7 

radiographie view 34.35 
rétropéritonéal 188. /89. 230. 
23/ 

sectional anatomy 224-227 
sinus of 14 .15 
structure 90 .91 
topography 30-32,238-241 
tnbutaries74.75.216 
valveof 14. /5 
inflammation 
heart valves 16 
near upper molars 166 
paranasal smuses 102 
mfracolic abdominal cavity 
184-187 

infraglotticcavity 114, 115 
infrahyoïd muscles 172-175 
mfraorbital artery 48.49. 96.97 
infraorbital foramen 48,49 
infraorbttal nerve 144.166 
infundibular nucléus 336,337 
mfundibular retess 330,33/ 
infundibulum 
haïr follicle 412,4/3 
hypothalamus 330-333 
uterme tube 274,275 
inguinal canal 256 
inguinal fb&sae/nngs 188, 189, 
256.257 

inguinal lymph nodes 254. 262. 
284 
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deep84,85 

superficial 84, 85. 210.280.282 
mhibm 356 

mnate immumtysee immumty 
inspiration 134, 135 
insulm 328. 354. 360. 366 
msulm-like growth fartor (IGF) 

360 

integumem sec skm 
mteralveolar septa 126,158.159 
mteraryetenoid notch 114, 116, 

117 

interatrial septum 14-17.26.27 
38.39. 40.4 J 

intercalated dises, cardiat 
muscles 20,21 
intercalated duels 
glands 156.157 
pancréas 220.221 
mtercavemous smuses 70,71 
intercostal arteries 44 45.52.53. 

128,130, 136,137 
intercostal lymph nodes 82,83 
intercostal muscles 134,135 
intercostal nerves 136,137 
intercostal vems 66-68, 136.137 
interlobar arterics/vems, of kid - 
neys 234,235 

mterlobular arteries. of kidneys 
234,235 

mterlobular bile dutts 214.215. 218 
mterlobular secretory dutts 156 
mterlobular veins 128,214.215 
mterosseous arteries 56.57 
mterosseous anery 54-57 
mterosseous veins 72. 73 
mterpettoral lymph nodesSO. 81 
mterradicular septa 158,159 
mtersegmental septa 128 
mtersigmoid recess 186.187, 206, 
207 

interventncular artery 24.25 
interventncular septum 16.17 38. 
39.40.41 

interventncular sulcus 10-13. 

16-19.24,25 

interventncular vein 24.25 
intervertébral foramma 174,175 
mtervillous space 302.303 
intestinal glands {crypts of Lie- 
berkuhn) 198.199. 204,205 
intestinal lymph trunks78, 79. 

200, 204 

intestinal villi 198.199 
intestine see large intestine: small 
intestine 

intraepithélial glands 324.325 
iron kmetics 372.378 
ischial spme 264,265, 

286*289 


ischial tuberosities 264.265. 286- 
290. 304. 305 

ischioanal fossa 208.209. 286. 

287. 290.291 
fat body 264.265 
ischiocavernosus muscle 260.261. 

284.285. 290.291 
ischiococcygeus muscle 288.289 
islets of Langerhans 324.325. 354, 
355, 366. 368 

rsovolumetric contraction/relaxa 
twn 42.43 

isthmus ol fauces 144 -146. 168 
isthmus of thyroid gland 348. 349 
isthmus of utérus 276 .277 
Ito cells (fat-stormg cells) 214 


J 

jejunal arteries 200,201 
jejunal vems 216.217 
jéjunum 186.187. 196-201. 
368-369 

joint flexure. blood vessels in 86. 
87 

jugulartrunks78,79.80 
jugularveins 66-71.116. 132,133. 
174. 175 

juiKtional epithelium, dental 160. 
161, 164 

juxtaglomerular apparatus 236, 
237 

juxtamtestmal mesentcric lymph 
nodes 200.201 


K 

Keith-flack node 26.27 
keratm plates. nails4l4.4J5 
keratmi?ation layer of skin 406. 
407 

keratinous filaments, haïr 412.413 
Kenrkrmg s valves (circular folds) 
198.199 

ketosteroids 356 
kidney bed 188.189 
kidneys 224-227,230-241 
adrenal glands and 342.343 
ANP effects 362 
lobes 232.233 
lymphatic drainage 238.239 
neurovascular supply 234,235, 
238,239 

Klinefelter s syndrome 356 
knees, vascular supply 62.63.76. 
77 86.87 

Kohlrausch s fold 208.209 
Kupffer s (stellatej cells 214.380 


L 

U sechonal anatomy 226,227 
L-tubules. cardtac muscle cells 20. 
21 

labia major/mmor 268.269. 284, 
285 

labial artery 58.59 
labial glands/suki 144,145 
labial vem 74 
labor contractions 306 
labyrmthine artery 50.51 
lacrimal ducts/glands 98. 324 
lactation/lactiferous duct$416. 
418.419 

Laimer s triangle 176.352, 353 
lamellar (Odland) bodie*406,407 
lamina of cartilages 108.109 
Langerhans. isletsof324.325. 

354 355, 366. 368 
Langerhanscellsfîn skinJ406 
La nghans cells (cytotrophoblaas) 
298. 302. 303. 360.361 
lanugo haïr 316,412 
large intestine 142,143, 186, 187. 
202-211 

endocrine cells 364.367 
laryngeal arteries 46.47. 52.53. 
116 

laryngeal cartilages 108 lit 
laryngeal cavity 114, Il5 
laryngeal inlet 114, Il5, 168. 170. 
171. 396, 397 

laryngeal joints/ligaments 110,111 
laryngeal membranes 110, III 
laryngeal muscles 108.112, Il3. 
174. 175 

innervation 116,120, 121 
laryngeal nerves 10-12,118.120, 
121. 136-139. 178-181 
récurrent 29.112,116. 138.139 
laryngeal prommence 108.109. 
120.121 

laryngeal saccu le 114,115 
laryngeal skeleton 108.109 
laryngeal ventncle 114.115 
laryngeal vestibule 114, Il5 
laryngopharynx 168.169 
laryngoscopy 116.117 
larynx 94.95. 108 117.120.121. 

168.169. 170. 171. 174 
latéral malleolar network 64.65 
latéral walls, nasal cavity 96-99 
latissimusdorsi 54. 55 
leaflets. of heart valves 14. 16 
legs 

lymph nodes 84.85 
vascular supply 62-65. 76, 77 
leukocytes 372-375.396 
levator am muscle 208.264.265. 
286-290. 306. 307 
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levator hiatus muscle 288,289. 
306 308 

levaior veli palarim 106. 146. 147 
172 ,173 

Leydig cells 252. 324. 325. 356. 
357 

Ueberkühn.crypts of 198.199. 
204.206 

ligamentum arreriosum 8~ 11. 10. 
II. 138. 139 

hgamentum venosum 8.9,212. 
2/3 

limb development 314'318 
limbus fossaeovalis 14 .15 
limen nasi 98.99 
linca termina lis 182.304.305 
lingual aponeurosts 148, 150 .151 
lingual arteries 46. 47. 150-155 
lingual follicles 148 ,149 
lingual lymph nodes 80 .81 
lingual nerve 148. 150. /5/. 174. 
175 

lingual septum 150 
lingual tomil 148. 149 
lingual veim 68. 69. 152. /53 
liporropm(LPH) 332.339 
lips 142-145. 158. 166 
Littré s glands (uréthral glands) 
262 

liver 184. /S5. 212-217, 226.227 
attachment sites 188 .189 
barearea 188. /«9.212.2/3 
fêtai circulation 8.9 
fonctions 142. 143. 214.376. 377 
lobes 184. /85. 212.2/3. 

222-225 
lobules 214.2/5 

lymphatic System 212,2/3,216. 
2/7 

neurovascular supply 212-217 
newborn 318.3/9 
round ligament 8.9.222.223 
segments 214.2/5.2/7 
set also hepatic arteries; 
hepatic portai vem; hepatic 
vems 
lochia 308 

lowerairways94.95 
lowerarms 56.57 
lower limbs 
arteries 58-63 
lymph nodes 84,85 
vems 76. 77 
lulibenn 336, 338 
lumbar arteries 44.45 
lumbar lymphatic System 78. 79, 
82.83. 342. 343 
lumbar vems 66. 67 
lung radiography 34. 35 
lung tisnie. microanatomy 126, 

127 


lungs 6. 7 94.95. 122-135 
at birth 8.9 

border* 122. 123. 130 .131 
Tissures 122, 123 
hilum 122-124. 132. 133 
impressions 138 ,139 
innervation 128 .129 
lobes 122. 123. 132. /33 
lymphatic System 128. 129. 132, 
133 

transverse section 36-39. 132, 
/33 

vascular System 128. 129. 132, 
133 

lunule of nail4l4.4/5 
lunule of semilunar cusp 22.23 
luieal (gestagen ) phase 358.359 
luieinmng hormone (LH) 

356-359 

lutropin(LHj 332.339 
lymph nodes 6. 7.78-85. 144.390. 
39/ 

Iymphaticcapillaries6. 7. 128 
lymphatic duels 6.66.67. 78. 79 
lymphatic System 6. 7.78-85. 390 
sceatso lymph nodes; lym- 
phoid organs 

lymphatic vessels 78. 79. 88-91, 
384. 390. 391 

lymphocytes 372-379. 384 
in thymus 388. 389 
in tonsih 396 

B lymphocytes 380. 382-384.398. 
399 

T lymphocytes 381 -384 
m CALT 398.3.99 
in thymus 386. 388 .389 
lymphoepithehal organs 384, 396 
seeolso thymus 
lymphoid follicles 146 .149 
lymphoid nodules 384. 390. 39/. 
398.399 

lymphoid organs 384. 385 
lymph nodes 390. 391 
MALT 398.399 
spleen 392-395 
thymus 386-389 
tonsils 392 395.3%. 397 
lymphopoieits 378, 379 
lymphoreticular organs 384. 392. 
393 

see o/so lymph nodes 
lysosomal enzymes 372. 380 


M 

M-cells 398. 399 

Mackenrodts (cardinal) ligament 
280 

macrophages 361. 380. 382 384 


macula densa. of kidney 236.237 
male bladder 242.243 
male breasts4l6 
male génital System 2.248.249. 
288-291 

accessory sex glands 256-259 
epididymis 250-255 
external génital ta 260-265 
newborn 318.3/9 
testes 250-255 
séminal ducts 256-2 59 
see atso under specifc organs 
male pelvis 244. 288 .289 
male périnéal région 290.29/ 
malleolararterial System 62-65 
MALT see mucosa associated lym- 
phoid t«sue (MALT) 
mammaryglands 80,8/, 416-419 
mammillary body 330,33/ 
mammogram418.4/9 
mandible 144. /45. 154.155. 172, 
173 

neurovascular System 46-49. 
166 .167 

see ako mandibular nerve 
teeth in 156, /59.164 
mandibularcanal48.49. 174. 175 
mandibular nerve 166, /67. 
172-175 

branches 144. 146, 148. 152 
marginal arteries 24.25 
marginal durai venous sinus 70. 

71 

marginal lymphatic sinuset 390. 
39/ 

marginal veins 76. 77 
masseter muscle 154. 155. 174, 

175 

masseteric artery 48.49 
masseterie nerve 172 .173 
mast cells 384. 385 
masticatory muscles 48. 172 .173 
ma««d process 46.47 80. 8/ 
maxilla 

nasal cavity wall 98,99 
neurovascular System 166. 167 
processus 96.97 100 , 101 . 
144-146 

teeth in 158, 15 9. 162. 164 
maxillary artery 46-49.96.98. 

100 

maxillary nerve98. 100. 166 
branches 96.97, 144 
maxillary sinus 102-105 
maxillary tuberosity 102 .103 
McBumey s point 202,203 
Meekels diverticulum 196 
méconium 318 

médian emmence 330. 331. 334. 
335 

médiastinal lymph nodes 24.25 
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anterior 82,83. 348. 386 
posterior 82, 83, 342. 343 
médiastinal pleura 130,136 
médiastinal shadow 34 
mediastinum 32. 33. 122, 136-139 
mediastinum testis 252,253 
medulta. of thymie lobules 388. 
389 

medullary cells 346. 347 
medullary lymph nodes/sinuses 
390.39/ 

medullary rays 232,233 
medullary veins 342 
megakaryocytes 372. 375-377 
megaloblasts 376 
mciosis 294 

Meissner tactile corpuscles 406. 
407 

Meissner s (submucous) plexus 
142, 180. 192,198 
melanin 402. 403 , 406,412 
u-melanoeyte-stimulating hor¬ 
mone (a-MSHJ 340 
mélanocytes 406, 407 .412 
melanolibenn 338 
melanostatin 339 
mclanotropin (MSH| 332. 334, 

339 

melatonm 328, 340 
membranous structures 
nasal septum 100.10/ 
trachéal wall 118,1/9 
memory cells 378-382 
meningeal artcries 46.48.49 
menmgeal veins 68 
menstrua! cycle 274,278, 279 ,296 
menstruation 276, 358. 359 
mental spme 150.152 
mentolabial tulcus 144. /45 
Merkel cells 406 
meroenne sécrétion 326,327 
mesangial cells 236.237 
mesenchyme 
hematopoiesis 376. 377 
thymie development 386 
tooth development 164 
mesentary. root of 188. /89 
mesentenc arteries 44.45 
inferior branches 210.2// 
superior 222.223,226,227 
branches 200 .201 204.206. 

220 

mesentenc lymph nodes 82. 83. 

194, /95. 200 ,201 204 
mesentenc nerve connections 
200.206.274 
mesentenc veins 
inferior 206.207. 210,222.223 
tnbutaries 216,2/7 
superior 180. /8/, 194. /95. 222. 
223 


sectional anatomy 226,227 
tnbutaries 216,2/7 
mesentery 186. /87. 1%. 197 
sectional anatomy 226.227 
vessels 220.22/ 

mesoappendix 186 ,187 202.203 
mesocohc ténia 202 
mesocolon 184. /85 
lymph nodes 82.83.206 
sigmoid 186-189.206.207 
transverse 186-189.206 .207 
220.22/ 

mesodemi, embryonic dise 312. 
3/3 

mesopharynx 168. /69 
mewsalpmx 274.275 
mesovarium 270,27/ 
mctacarpal arteries 56.57 
meta myélocytes 378.379 
metastam 84.194. 390 
mctatarsal arteries 62.63.64,65 
metatarsal veins 76. 77 
microvilli 

endocrine cells 364,365 
hépatocytes 214.2/5 
thyroid sccrctory cells 350,35/ 
micturition 242,244 
milk production/lactation 416, 
418,4/9 

mimetic muscles 96 
mmeralocorttcoids 344 
mitotic ccll division 312,3/3 
mitral (bicuspid) valve 16 ,17 22. 
23 

auscultation site 34.35 
cross section 18. /9, 38,39 
echocardiography 40.4/ 
molar teeth 158. /59.162. /63. 

166 ,167 

molecular sécrétion 326 
monocytes 372-375. 378,379, 

384, 385 

mononuclear phagocytic System 
(MPS) 380, 384 
mons pubis 268, 269 , 284,285 
Montgomery s tubercles (areolar 
glands) 416,4/7 
morula 298.299, 312, 3/3 
motilin 368 

mouth 142-145. 170. 171 
movements. fêtai 316 
mucosa 

alimentarysystem 142 .143 
gingiva 144, /45 
large intestine 204-206 
laryngeal wall 168 
rectum and anal canal 210. 

211 

stomach 190-193 
respiratory System, bronchi 126, 
127 


urogénital System 
urethra 244.262 
utenne tubes 274.275 
utérus 278.279 
vagina 282 

mucosa associated lymphoid 
tissue (MALT) 384,398.399 
mucosal relief pattern 98. 99 . 106. 
107 

mucous 296.326 
mucous membrane, oral 144,148 
mucous-producmg cells 154-157, 
192. 193. 326.327 
muscle cells. cardiac 20 .21 
muscle fibers. cervical dilation 
306 

muscles 

longitudinal 150. 151 . 176, 177, 

192, 193 , 198.208 
oblique 226,227 
transverse 150, 151 . 226,227 

muscular artenes 88.89 
muscular layers 
alimentary 168. 176.177.192. 

193 , 198.218 

génital 256.257.274.275.278. 
279 . 304 

unnary 240-242. 244 
muscular venules 90 .91 
muscularismurosae 176,177.398, 
399 

musçulocartilagmous layer 126. 
127 

musculophremc artery 52.53, 130 
musculoskeletal System, newborn 
318 

musculusuvulae 146 .147 
myeloblasls378. 379 
myélocytes 376, 377 . 378,379 
myenteric nerve plexus 180,198 
myenteric plexus 142 
mylohyoïd line 152 ,153 
mylohyoid muscle 152-155.170, 
172, 173 

myocardial infarction 12,40 
myocardial lymph network 24.25 
myocardium 18-21.40.4/ 
hormone-produdng 42 
working 26 .27 42 
myoepithelial cells 156, 326 
myofibroblasts 252.253 
myometrium 278,279, 300. 30/. 
304. 308 


N 

nail bed4l4,4/5 
nasalapertures 106 ,107 
nasal arteries 48, 49 . 96,97 
nasal bones96.97 100. 101 
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nasal cartilages 96.97 
nasal cavity 94.95.98 101 
latéral walls 96-99 
nasopharynx and 168 
nasal conchae 
mfcnor 98. 99. 104. tOS 
middle/superior 98.99 
opemngs 
anterior 104. tOS 
poste rioc 106 .107 
sinus 104. J05 

nasal meatuse$98,99. 102. 104, 
/05 

nasal mucosa 100 .101 
nasal septum 96.98. 100 .101 
arteries to 48 .49 
paranasal sinuses and 104 ,105 
nasal spine 106 ,107 
nasal vestibules 96-98 
nasal walls 48. 49,96-101 
nasolabial groove 96,97 
nasolabtal sulcus 144. 145 
nasolacrtmal duct 104, /05 
nasopalatine nerve 100 .101 
nasopharynx 98. 104-107,168. 
169. 172. 173 

natnuret* peptides 362.363 
natural killer (NK)celB 382 
navel 226. 227 .242 
navicular fossa 262,263 
neck 2,3. 172-175 
a rtenal System 46 .47 
fêtai 314,316 
lymph nodes 80. 8). 100 
muscles 174, 175 
neurovascular bundle 174 .175 
thyroid gland and 348.349 
vein* 68. 69 
visceraof 120.12/ 
neckoftooth 158.159 
néonatal penod 310, 31t. 320 .321 
néonatal thymus 386. 388 
nephrons 234.235 
nerve fibers 

m neurohypophysis 332 
paracrine action 364. 365 
in paraganglia 346.347 
ncrvous System 
autonomie 
digestive tract 142 
salivaryglands 154. 155 
newborn 318 

neural fold/groove 312, 3 13 
neural plate 312.3/3 
neural tube, formation 314. 315 
neurocramum 172, 173 
neuroenne signallmg 328 
neurohormonal reflex 418 
neurohormones 328,329. 

334-336 


neurohypophysis 50. 330. 331. 
334.335 

neurons. diffuse endocrine ce IB 
366. 367 

neuropeptides (NPYs) 346. 369 
neuropores 314.3/5 
neurosecretion 332 
ne u rosée retory neurons 334-337 
neurotensin ( NT} 329,368 
neurotransmitters 328, 329, 354 
neurovascular bundle 68 
neck 46. 174. 175 
neurovascular supply 
alimentary System 
cecum and appendix 204.205 
colon 206. 207 
esophagus 180. 181 
gallbladder 218 
hver 212.2/3. 216.2/7 
oral région 144.150. 151, 166. 

167 

pancreas220 
pharynx 170. 171 
rectum/anal canal 210, 2tl 
small intestine 200 .201 
stomach 194. 195 
cardiac. pleura 130. 131 
endocrine System 
pancrcatic islets 354 
parathyroid glands 352,353 
pmeal gland 340. 34/ 
thymus 386 
thyroid gland 348. 349 
génital System 
female 274.280-284 
male 254.256-258.262.263 
respiratory System 
larynx 116. 117 
lungs 128. 129 
nasal area 96-102 
trachea 118, 119 
urinary System 
bladdrr 242 
kidneys 238.239 
rénal pelvis and ureter 240, 

24/ 

neurulation 312. 3/3 
neutral occlusion 166. 167 
neutrophilie granulocytes 
372-375, 380 
newborn infant 318,3/9 
breast development 416 
ovaries 270 
utérus 276 
mpples 416.4/7 

nodule of semilunarcusp 22,23 
norepinephnne 328,329 
norepmephrine cells 346 
normoblasts 378.379 
noce 94,95.96-108 
sec also nasal apertures 


nostrils %. 97.98 
nucléus, head of spermatozoa 
252.253 

o 

oblique line, larynx 108 .109 
oblique sinus 38, 39 
obturator artery 58.59 
obturator canal 286 ,287 
obturator externus muscle 264. 
265 

obturator mternuv muscle 264, 
265. 286-290 
obturator nerve 264 .265 
obturator veins 74. 75 
obturator vessels 264 .265 
occipital artery 46,47 
occipital bone 106 .107 
occipital lymph nodes 80 .81 
occipital sinus 70. 71 
occipital vein 68.69 
occiput anterior position 308. 309 
occlusion ol teeth 158. /59. 166, 
/67 

Odland (lamellar) bodies 406.407 
odontoblasts 160.164, /65 
olfactory epithelium 100 
olfactory perception 94 
olfactory région 98.100 
location 100 

omental appendices 186. 187, 202. 
203 

omental bu rsa 184. /85. 188, 189, 
222.223.226.227 
omental foramen 184,188. 189. 
222.223 

omental ténia 202, 206 
omental tuberosity 212.2/3. 220. 
221 

ornent u m 

greater 184-187,186. 187. 190. 
206 .207 

lesser 184. /85. 190. 212 
onychodermal band 414,4/5 
oocytes (egg cells) 270. 272 -274. 
294.295 

ophthalmic artery 46.47, 50. 51. 

96.98. 100 

ophthalmic nerve 96-98. 100 
ophthalmic vein 68.70, 71. 96-98 
optic chiasma330. 33/ 
optic development, embryonic 
314,3/5 

oralcavity 144-157 
glands 146, 147. 152. 154. 155 
lymph nodes 144 
nasopharynx and 168 
neurovascular System 144 
oral mucosa 144. /45 
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oral vestibule 144, 145, 154, 174. 
175 

orbtl 102,103 
frontal sinus and 102 ,103 
orbulansoris 144. 145 
organum vasculosum of lamina 
terminalis (OV1.T) 331 335 
orgasm rf 262 

oropharynx 168, 169, 174, 175 
ossification, prénatal 314 318 
oval fossa 8.9. 14.15 
ovanan arteries 44.45. 240 .241 
274.275. 280 .281 
ovanan cycles 274, 358, 359 
ovanan fimbna 274.275 
ovarian follicles 270 .271 358. 359 
ovanan fossa 270 
ovanan nerve supply 274 
ovanan veins 66.67,238.240. 241. 
274 

ovaries 188,189,268,269. 

270-273 

endocrine function 270.274. 

278. 358. 359 
function 270,274 
ligaments of 270 ,271 
lymphatic drainage 274 
newborn 318 

ovulation 272,298. 358, 359 
ovutation mhibitors 300 
o*ygen transport 372 
oxyphil cells 352. 353 
oxytocin (OXT) 304 334,336. 338. 
418 


p 

pain of labor 306. 308 
palates. hard/soft 144-147 
palatine aponeurosis 146 ,147 
palatmearches 146. 147, 168 .169 
tonsiK in 3%. 397 
palatmearteries46~49. 100 
palatine bone 100. 101. 106,146 
palatmeglands 146 ,147 
palatine muscles 146 ,147 
palatine procès* of the maxilla 
100 . 101 

palatine raphe 146 .147 
palatine rugae 146 ,147 
palatine tomil 144-149, 174. 175 
palatoglossalarch 144-147 
palatoglossu* muscle 146, 147. 

150, 151, 174, 175 
palatopharyngeal arch 144.145, 
146 .147 

palatopharyngcus muscle 146, 
147, 150, 151. 168, 169. 174, 175 
palmararch 
carpal56 


deep 56.57 
dcep venous 72. 73 
superficial56.57 
supcrficial venous 72, 73 
palmar branches, of radial/ulnar 
arteries 56.57 

palmar digital arteries 5b. 57 
palmate folds. cervical canal 276. 
277 

pampimform venous plexus 254, 
256.257 

pancréas 142,143. 182,183. 
220-223 

function 220.367 
lymphatic drainage 220 
neurovascular supply 220 
Srctional anatomy 226.227 
topography 184. 185. 222.223 
pancreastatin 354 
pancreatic duel 218.219.220.221 
accessory 198.199. 220 ,221 
pancreatic islets (islcts of Langer¬ 
hans) 220, 324. 325. 354, 355 
diffuse endocrine cells 366. 368 
pancreatic tymph nodes 82.83. 
220. 392 

pancreatic notch 220.221 
pancreatic polypeptide |PP) 354. 
368 

pancreatic veins 216,354 
pancreaticoduodenal arteries 200. 
201 .220 

pancreaticoduodenal lymph 
nodes 82,83, 200,201. 220 
pancreo/ymin 329,368 
Paneth cells 198.364.365 
papillae of longue 148,149 
papillary ducts. rénal tubules 234. 
235 

papillary layer. dermis/skin 404. 
406.408.409 

papillary muscles 14-18.22.23. 
26.27,40.41 

subcndocardial branches 26.27 
transverse section 38. 39 
papillary process. hver 222,223 
papillary ndges. skm 404,405 
paraaortic lymph nodes 342 
paracervix 278 
paracolic lymph nodes 206 
paracolpium 282 
parafollicutar (C) cells 350,351 
paragangha 

parenchymal cells 346.347 
suprarénal 346.347 
paramammary lymph nodes 82. 
83 

paranasal sinuses 98.102 ,103 
openings 104. 105 
parapharyngeal space 168 


parasternal lymph nodes 80.81. 

82 

parasympathetic innervation 
colon 206 
esophagus 180.181 
heart 28.29 

rectum and anal canal 210 
small intestine 200 
stomach 194 

submandibulargtand 154 
parathormone (PTH) 350. 352 
parathyroid artery 352 
parathyroid glands 324,325, 
348-350. 352.353 
paratrachéal lymph nodes 116. 

118. 128. 180. 181. 352 
mcdiastinumand 136.137 
paraumbilicat veins 76,77. 216, 
217 

paravent ncular nucléus 336.337 
parenchyma. of kidneys 232 
panetal cells, gastric glands 192. 
193 

pariétal peritoneum 182.183. 188. 
189 

liver and 212.213 
malepetvis 248,249 
ulerusand 268.269.278.279 
pariétal pleura 130.131. 178,179 
endothoracic fascia and 136 
médiastinal part 32. 33 
parotidduct 154. 155. 174, 175 
parotid fascia 154 
parotid gland 154-157,172-175 
accessory 154. 155 
duct of 144 

parotid lymph nodes 80,81 
parotid papilla 154 
parturition seebirth 
Passavants ndge 170.171 
passive vent ncular filling 42,43 
peetmate muscles 14 -17 
pectineus musdes 264.265. 286, 
287 

pectoral fascia 416.418 .419 
pectoral lymph nodes 80.81 
pcctoratis major 418 ,419 
pectoralt* minor 54.55 
pelvic diaphragm 182 
fascia of 288,289. 290 
pelvic floor 

comparative anatomy 288. 

289 

muscles of 280 

soft tissue passageway 304-307 
pelvic inlet. childbirth 304. 305 
pelvic sptanchmc nerve* 280 
pelvis 2,3, 288-291 
arteries 58-61 
lymph nodes 84,85 
newborn 318,319 
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pelvis 

peritoneum of 188, /89 
veins 74. 75 

pencillar artérioles 394. 395 
pénis 230. 248.249. 260-263 
body of 260.26/ 
bulbof 208.209. 260.26/ 
transverse section 290.29/ 
corpus cavernosum 260-263 
corpus spongiosum 260-263 
coverings 260.26/ 
crus of. transverse section 290, 
29/ 

function 262 
glans 260.26/ 

lymphatic drainage 262,263 
neurovascular supply 260.262, 
263 

deepartery of58.59 
deep vein of 74. 75 
vascular spaces 260 
root of 260,26/ 
see also bulb of pénis 
peptides, hormone dass 328 
perforât ing artenes 60,6/ 
perforatmg branches 
fibular artery 64.65 
metatarsal artenes 64.65 
perforatmg veins, legs 76. 77 
perforator veins 66 
penarterial connective tissue 124 
periartenal lymphatic sheaths 
(PALS)394 

penarterial nerve plexuses 340 
penbronchial connective tissue 124 
peribronchial lymphatic System 
128 ,129 

pencardial cavity 36-39 
pencardial lymph node*82 .83 
pencardial sinuses 30. 31. 36.37 
pencardial tamponade 30 
pencardiophrenic vessels 
artenes 30.3/. 52.53 
branches 386, 388 
mediastinum and 136-139 
vein 30.3/ 

pericardium 10 13. 30,3/. 178 
fibrous 30. 31 

mediastinum and 136-139 
aerous 30.3/ 

topographical anatomy 178. 179 
peridental arterial branches 166 
peridontium 158. 160. 161 
perigastric lymph nodes 180 
penkarya 334-336, 336 
périmétrium 278.279 
périnatal penod 310. 311 
pcrmeal artery 58.59 
périnéal body 208.209 
penneal compartment 284.285 
permeal muscles 290.29/ 


périnéal région 290.29/ 
penneal slon 290,290 
perineum 284,285 
pcrinuclear *one, cardiac muscle 
20 . 2 / 

periodontal ligament 160. /6/. 

164.166 

periodontitis 160 
periorchium 250 
periosteum. hard palatc 146 
peripharyngeal space 168 
perirenal fat capsule 238.239 
pcnsinusoidal ( Disse s) space 214. 
2/5 

peristaltic contractions/waves 
194.198 

peritoneal cavity 182. /83 
peritoneal folds 186.248.249. 

270.280 

peritoneal ligaments 182 
peritoneal mesenteries 182 
peritoneal recesses 186 
peritoneal relations 
female pelvis 268.269. 280 .281 
large intestine 202.203 
male pelvis 248.249 
peritoneum 182 .183 
bladder and 244 
male génital System 256.258 
panetal 188 .189 
rectum and 208 
viscéral 190 

périt rabecular lymph sinuses 390. 
39/ 

pcrivascular fibrous (Glisson s) 
capsule 214 
periventricularzone. 

hypothalamus 336. 337 
penvitclline space 2%. 297 
permanent teeth 158, 162. /63 
perpcndicula plate of the palatine 
98.99 

perpendicular plaie of the eth- 
moid 100 .101 
petrosal sinuses 70. 71 
petrous pan, internai carotid 
artenes 50.5/ 
peurperium 308 
Peyer s patches (aggregated lym 
phoid nodules) 198. 199. 204. 
205. 384. 398 .399 
phagocytic cells (hcpatir stellate 
cells ) 214. 380 
phagocytosis 372. 374.378 
phagolysomrs/phagosomes 382, 
383 

phalanges, of fingers 414.4/5 
pharyngeal artenes 46.47. 170 
pharyngeal bands 384. 396. 397 
pharyngeal constrictor muscles 
120 . 121 


pharyngeal glands, saliva 168 
pharyngeal plexus 146.170 
soft patate 146 
vagus nerve 170 
pharyngeal pouches 352,353 
pharyngeal raphe 168. /69 
pharyngeal tonsil 106. 107. 3%. 
397 

pharyngeal tubercle 168. /69 
phaiyngeal veins 68 
pharyngobasilar lascia 168, f69 
pharyngoesophageal constriction 
176. 177 

pharynx 94.95. 168-171 
function* 142. 143. 170. 171 
lymphatic drainage 170 .171 
muscles 146. 168. 169. 174. /75 
neurovascular supply 48, 50. 

170 .171 

sectional anatomy 174 .175 
vault 106 .107 
walls 106. 107. 146 
pheochrome cells 346 
phonation 116 ,117 
phosphaturia 352 
photoreceptors, in pineal gland 
340 

phremc artenes 44.45 
phremc nerves 30, 31. 136-139. 
218 

phremc veins 66.67 
phremcocolic ligament 392 
phremcolic ligament 188. 189 ,206 
pineal gland 324,325. 340. 34/ 
pineal recess 340, 34/ 
pinealocytes 340, 341 
piriform recess 114. 115. 168-170 
piriformis muscle 288 .289 
pituicytes 332 

pituitary gland 172. 173. 324. 325. 
330-339 

glandularcells 332.333 
hypothalamu pituitary axis 
330-339 

hormones 338-339 
placenta 8.9. 300-303 
at birth 304. 305. 308. 309 
endocrine fonctions 360.36/ 
expulsion 308 
vascular supply 302 .303 
placental barrier 302. 303 
plantararch 64.65 
plantarartenes64.65 
plantar digital artenes 64.65 
plantar venous network 76. 77 
plasma cells 376. 377. 382. 383 
lymphopoiesis 378 .379 
plasma membrane of egg cell 296. 
297 

plasma proteins 375 
platelets see thrombocytes 
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ptatysma 348. 349 
ptatysma muscle 172 .173 
pleura 30. 31, 130. 131 
médiastinal 136 
reflection of 122 

pleural cavity 32, 33, 94.95. 130. 
131 

pleural cupula 130. 132. 133 
pleural recesses 130.13/ 
ptunpotential stem cells see 
hemocytoblasts 
pneumocytes 126 
pneumothorax 134 
podocytes 236 .237 
potar bodies 294-296 
potar cushion. of kidney 236 .237 
polltcis artery 56.57 
potythetia 416 .417 
poptiteal artery 60.62.63 
popliteal tymph nodes 84.85 
poptiteal vem 76. 77 
porta hepatis 212,213 
portai areas, liver 214,2/5 
portat-caval anastomoses 216.217 
portai vems 6.7. 212.2/3.216.2/7. 
330 

fêtai circulation 8.9 
see o/so hepatic portai vein 
portai vessels 334-336 
postcapillary venues 88.90 
postenoantcrior thoranc X-ray 
34.35 

postgangliomc autonomie nerve 
fibers 28 

postnatal circulation 8. 9 
postnatal development 356 
postnatal hematopoiesis 376.377 
postpartum penod 308. 309 
postsuka! part of longue 148.149 
pouch of Douglas (rectoutenne 
pouch) see rectouterme pouch 
(of Douglas) 

PP {F) cells. pancreatic islets 354 
pre-embryomc penod 310. 311, 
312.3/3 

precapillary vessels 88. 89 
prececat lymph nodes 82.83. 204 
predentm 164.165 
preganglioniç autonomie nerve 
fibers 28 

pregnancy 294-309 
birth (parturition) 304-309 
breast development 416 
corpus luteum of 272 
early development 298-301 
fertilization 2%. 297 
gametes 294.295 
hormones 300 
placenta 302 .303 
utenne changes 276. 278 
utenne fonctions 280 


pregnancy tests 300. 360 
premotar teeth 158. /59 
in occlusion 166. /67 
prénatal development 310-317. 
356 

prénatal hemaiopoiesis 376. 377 
prénatal penod 310. 311 
prepencardial lymph nodes 82.83 
preprohormone 328.329 
prepuce of pénis I foreskm ) 260. 
261 

prepyloric vem 216 
pressure reserve fonction 88.89 
presutcal part of tongue 148. /49 
prevertebral lymph nodes 82.83. 
180. 181 

prevertebral part, vertébral artery 
52.53 

prickle-cell (spmy) layer 406.407 
pnmary dentition 162, 163 
primitive knot 312. 3/3 
primitive streak 312.3/3 
pnmordia. embryomc 312.3/3 
primordial foUicies 270 
pnneeps pollias artery 56.57 
processus vaginatis testis 250 
procrythrobtasts 378. 379 
progemtor cells 378 
progestérone 
durmg birth 304 
at implantation 298.300 
menstrual cycle 278 
ovanancycle 358,359 
placentat synthesis 360 
production 272.274. 360 
prolactm(PRL) 
in lactation 418 
ovanan cycte 358.359 
production 332, 334. 339 
prolactolibenn 338 
prolactostatm 338 
prohferatmg matrix cells 410.4// 
promyélocytes 378. 379 
pronudei 294-296 
proopiometanocortm ( POMC) 

328.329 

prostaglandms 328 

prostate gland 248.249,258.259, 

264.265 
btadder and 242 
lymphatic drainage 258 
neurovasc utar suppty 258 

prostatic capsule 258 
prostatic ductutes 258 
prostatic sinus 262.263 
prostatic venous plexus 74.256. 

258.262.264.265 

protem hormones 328.360. 36/ 
protems. in plasma/serum 375 
proteotync enzymes 380 
prothrombm 375 


psoas major muscle 230,23/. 240. 
24/ 

sectiona! anatomy 226.227 
pterygoid canal 106 .107 
artery of 48.49 
pterygoid hamulus 146 .147 
pterygoid muscles 172-175 
pterygoid plexus 68.69, 98.166. 
172. /73 

pterygoid process 106 .107 
pterygomaxillary arteria! 
branches 48.49 

pterygopalan ne fossa 48.49. 98 
99 

pubertas praecox 340 
puberty 320. 356.416 
pubic haïr 284 

pubic rami 286.287.290.29/ 
pubic symphyas 244,245. 268 
at birth 304. 305 
sectional anatomy 264.265. 
286.287 
pubic vem 74. 75 
pubis 242 .243 

pubococcygeus muscle 286-289 
puborectalis muscle 208-210. 

264. 265. 288 .289 
pudendat Alcock s) canal 

286-290 

pudendat arteries 
external 60 .61 
internat 58.59.240.241. 254. 

25 8 

branches 210, 211. 282-284 
pudendat cleft 284 
pudendal nerve 254.262,264. 

265. 282.284 

sectional anatomy 286 .287 
pudendal nerve block 290 
pudendal vems 
external 76. 77 
internai 74. 75.254 
tributanes 284 

pudendat vessels 264.265.286. 
287.290 

putmonaryapex t32. /33 
putmonary arteries6. 7, 10-13. 
122. /23. 128. 129 
branches 124. t26. t28 
bronchioles and 126 
cross section 36-39, 132. /33 
esophagus and 178. 179 
fêtai circulation 8,9 
mediasnnum and 136-139 
see also pulmonary trunk 
putmonary ligament 122, /23 
pulmonary lobules 124 .125 
pulmonary pleura 130 .131 
pulmonary plexus 128 
pulmonary trunk 6-13.24 25. 

128 .129 
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pulmonary 
cross section 132. 133 
opemng 14. 15 
pericardial border 30. 31 
radiographie view 34. 35 
semirlunar cusps 34 
transverse section 36. 37 
pulmonary valve 14. 15. 18.1.9.22. 
23 

auscultation site 34. 35 
pulmonary veins 6. 7. 10-13. 16. 
17. 124. 128 

cross section 36-39. 132. 13 3 
fêtai circulation 8.9 
mediasunum and 136-139 
pericardial border 30. 31 
pulmonary vessels 128 .129 
pulp 

dental 160 
splemc 394. 395 
pulp cavity, dental 160.16/. 164. 

»65 

pulp cords 394 
Purkinje fibers 26 
pyknotic nudei 410 .411 
pyloric glands 192.193 
pylône lymph nodes 82.83. 194. 
195. 200 

pyloric orifice 190.19/ 
pylône sphincter 192. 19 3. 226. 
227 

pylorus 190. 191. 196. 197 


Q 

quadrangular membrane 110, III. 
114. 115 

quadratus femons muscles 288. 
289 

quadratus lumborum muscles 
230 .231 


R 

radial artenes 54-57 
radial veins 72. 73 
radial» indicis artery 56.57 
ramf of mandible 172-175 
raphe of scrotum 250 
rectal ampulla 208.264.265 
rectal arteries 58.59. 210. 211. 258 
rectal lymph nodes 210 
rectal veins 74. 75. 210. 216.2/7 
rectal venou* plexus 74. 75. 210 
rectal vessels 286 .287 
reuouterme fold 268.269. 280. 

281 

reetouterme ligament 280. 286. 

287 


ree touterme pouihfol Douglas) 
188. 189. 208.209. 268.269. 
282.283 

dilalion stage 306 .307 
scctiona) anatomy 286.287 
rectovesical fold 248 
rcctovesical pouch 188. 208.248. 
249 

rectum 202.203. 208-211.304. 
305 

female génital System and 268. 

269.282.283 

male génital System and 248. 

249, 258 

ncurovastular supply 210 .211 
pararectal lymph nodes 84.85 
panetal peritoneum and 182. 

183. 188 .189 

porta) cavat anastomoses 216. 

217 

sectional anatomy 286.287 
reclus abdominis muscle 226.227. 
264.265 

red blood tells see érythrocytes 
reflet tion of pleura 122 
régénération layer of skin 404. 
406.407 

regulatory hormones 334.336. 
338-339 

Reinke s crystals 356.357 
release-mhibiting hormones 334. 
336 

releasing hormones 334, 336. 360 
rénal arteries 44. 45. 234.235. 
238-241 

branches234.235.238.239 
rénal calices 240.24/ 
rénal columns232,233 
rénal corpusclcs 2 34-2 37 
rénal cortex 232-235 
rénal fascia 238.239 
rénal medulla 232-235 
rénal nerve plexus 238. 274 
rénal papillae 232.233 
rénal pelv» 230. 231, 240 .241 
lymphatic drainage 240.24/ 
neurovascular supply 240.24/ 
rénal pyramids 232.233 
rénal sinus 232.233 
rénal tubule* 234-237 
rénal veins 66.67 234.235. 
238-241 

tributaries 238.239 
respiration 
lung margins 130 
rima glottidis changes 116 .117 
respiratory bronchi 126. 127 
respira tory bronchioles 124 
respiratorymmosa 100. 10/ 
respira tory System 2.94. 95 
endocrine cells 364 


larynx 108-117 
lungs 122-135 
newborn 308. 318 
nose96-IÜ7 
trachea 118-121 
ite olso under spécifie organs 
rcte testes 252-255 
reticular cells 380. 384-386. 388 
reticular connective tissue 376. 
377 384. 385 

reticular layer. dermis/skm 406. 
408.409 

réticulocytes 372.378, 379 
retrocecal lymph nodes 82. 83. 
204 

retrocecal recesses 202.203 
retromandibular fossa 154. 174, 
175 

retromandibular vein 68.69. 
172-175 

retropericardtal esophagus 178 
reiropenpharyngeai space 168 
rétropéritonéal space 182. 183. 

224-227.230.23/ 
rétropéritonéal sympathetic para- 
ganglion 346. 347 
retropharyngeal lymph nodes 
100. 101 .170 

rctroplaccmal hematoma 308 
relropubic space 244.245. 264, 
286.287 

rétrosternal fat pad 36. 37 
rhésus incompatability 302 
rhombic hcpatic aemus 214.2/5 
nbs 132-135 
cardiac borders 32 
kidneysand 238.239 
lungsand 122 
right fibrous trigonc 18. 19 
right lymphatic duct 78. 79 
rima glottidis 112. 114, Il 5. 120 
mtercartilagtnous paît 116 .117 
intermembranous part 116 .117 
in swallowing 170 
transverse section 174. /75 
rima vestibuli 114. 1/5 
root canal, of tooth 160. Idl 
root of mrsentary 188. /89 
root ol longue 148 
root of tooth 158. /S9 
formation 162.164.165 
round ligament of Iiver8. 9. 184, 
185. 212.2/3 

round ligament ol utérus 280. 281. 
308. 309 
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S 

sacral arteries 44.45. 58.59 
sacral flexure of rectum 208.209 
sacral lymph nodes 258 
sacral veins 66.67: 74. 75 
sacrospmal ligament 264,265. 
286. 287 

sacrotuberous ligament 290 
sacrouterine ligament 280 
sacrum 288.289 
sagittal sinuses 68.70. 71 
saliva 142. 156. 168 
salivary glands 144. 154. 155.324 
microscopie anatomy 156,157 
salpmgopharyngeal muscle 168. 
169 

salpinx tee uterine tubes 
saphenous veins 76. 77. 254 
sarcolcmma 20.21 
satellite ceIK 346 
scalene muscles 132-135.174,175 
arteries to 52.53 
scalene space 132 
scalenus syndrome 52 
scapular vascular supply 52-55, 
72 

scart issue 404 

Schweigger-Seidel sheath 394. 
395 

soatic nerve 264.265. 286- 289 
artery to 58, 59 
scissors bue 166. 167 
scrotal nerves 254 
scrutai vascular supply 58.59, 74 
scrotum 248-251 
neurovascutar supply 254 
newborn 318,319 
sebaceous glands 324.404. 
406-411.416 

holocnne sécrétion 326. 327 
of the nose % 
sébum 410.4M 
secretin 369 
sécrétion 324 
mechamsms 326.327 
sécrétions, endocrine/exocrine 
326 

secretory goblet cells 198. /99 
secretory granules 
in cardiomyocytes 362. 363 
pancreatic islet cells 354 
secretory (striatcd) dut ts 156.157 
setretory umts 156.157. 326.327 
pancréas 220,221 
sweat glands 410 .411 
ser o/so acmi/acinar glands 
segmentai arteries 44 
segmentai lymphatic System 128. 
129 

sella turcica 396. 397 


semilunarcusps 
aortic valve 22.23. 38,39 
cardiac cycle 42 
pulmonary valve 14. 15. 22.23 
semilunar folds. colon 202-206 
séminal colliculus 262.263 
séminal fluid 256.258 
séminal gland see séminal vesides 
séminal plasma 294 
séminal vesides 248.249. 258. 

259. 264,265 
lymphatic drainage 258 
neurovascular supply 258 
semimferous tubules 252,253. 
356.357 

sensory innervation 
oral cavity 144 
skin 402.414.415 
septateslis 252.253 
septal cusp, (ritmpid valve 26.27 
septomargmal trabecula 14.15. 

26.27 

septum of frontal sinuses 102.103 
septum of nose. arteries 48.49 
septum of pénis 260.26/ 
septum of scrotum 250 
seromucous glands 144. 326.327 
serosa 
bladder 242 

digestive tract 142. 143, 190,191 
uterine tubes 274.275 
serotomn 328.329 
site of synthesis 340.367 
transport 372 
serous cavities 2.3 
serous Ruid 130, 326 
serous péritardmm 30.3/ 
serous secretory unit* 156'. 157. 
326.327 

Sertoli cells 252.253, 356,357 
sérum, proteins 375 
«ex glands, accessory 248 
sexual maturation 320 
shoulders. arteries of 54. 55 
sigmoid artery 206.207 
sigmoid sinus 68.70. 71 
sigmoid veins 216 
signal peptides 328 
smoatrial nodal rhythm 26 
smuatrial node 26.27 
sinus of epididymis 250.25/ 
sinus ot venae cavae 14. /5 
sinus unguis 414 
sinuses. durai venous 70. 71 
sinusoïdal capillarie*88.214.2/5, 
346. 347 

sinusoïdal veins 90 
sinusoids 88.36/ 
sitesof réfaction 
pericardium 30. 31 
peritoneal cavity 182 


skeletal âge 316 
skeletal development 312-317 
skin 402-409 
appendages4IO-4l5 
color 402.403 
fetal/newborn 316. 318 
Iayers406*409 
nerves 408.409.414,4/5 
ofthe nose 96 
sensory organ 414.4/5 
structure and fonctions 402, 

403 

surface 404.405 
skin-associated lymphoid t issue 
(SAIT) 384. 398 
skin glands 410,411 
skin of neck 348. 349 
small intestine 186. 187. 196-201 
endocrine cells 364, 367, 368 
fonction 142. 143. 200 
lymphatic drainage 200,20/ 
muscularlayer 198 
neurovascular supply 200.20/ 
sectional anatomy 226.227 
wall 198 .199 

smooth muscle cells 86.87. 364. 
365 

socketsofteeth 158.159 
Soft palate 106. 107. 144-147, |72. 
173. 396v 397 
in swaliowing 170, 171 
soft tissue, closureof pelvis 
288-291 

soft tissue passageway. dunng 
birth 304-307 
somatoliberin338 
somatosiatin (SIM) 329. 339, 354. 
360. 366 

somatotropin(STH) 332. 334, 339 
somite formation 312-315 
speaking 116. 117 
see aiso vocal ization 
spenopalarîne artery 48.49 
sperm 

In cervical canal 296 
production see spermatogeneas 
transport 256.257. 260 
spermatic cord 248,256.257. 290. 
29/ 

spermatic fascia 250.25/. 256. 

257 

spermatids 252.253 
spermatocytes 252.253 
spermatogenesis 250.252-254. 
296 .297 

hormonal régulation 254. 356. 
357 

spermatogemc cells 252 
spermatogoma 252,253 
spermatozoa 248. 252.253 
in fertilization 294.295 
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sphenoethmoidal recess 102.104. 
J 05 

sphenoid 98.99 
bodyof 100. /0/. 106. 107, 172 
sphénoïdal sinus 98. 102. 103. 172. 
173 

opening 104. 105 
sphenopalatine artery 48.49. 
98-101 

sphenopalatine foramen 104,105 
sphenopalatine notch 96 .99 
sphenoparietal sinus 70. 71 
sphincter 

anal canal 208 .209 
bile duct 218 
spinal anenes 50.51 
spinal nerves 174,175 
spiny ( pnckle-cell ) layer 406.407 
spiral muscle 126. 127 
splanchmc nerves 
greater 136. 137. 178.179. 342 
sacral 206 
spleen 392.393 
in abdominal cavity 184.185 
embryonie/mfantile hemato- 
poiesis 376.377 
iron storage 378 
lymphoreticularorgans 384 
pancreasand 222.223 
sectional anatomy 224.225 
splenic artenes 44.45. 222.223. 
392. 394 

branches 194,195. 220 
sectional anatomy 224.225 
splenic hilum 226,227. 392.393 
splenic lymph nodes 82.83, 194. 
195. 392 

splenic nerve plexus 392 
splenic pulp 394. 395 
splenic sinusoids 394.395 
splenic trabeculae 394.395 
splenic vems 194.200.201,222. 
223. 392. 394 

sectional anatomy 226,227 
tnbutanes216, 217. 220 
splenorenal ligament 392.393 
spongiocytes 344 
stalkofepiglottis 108 .109 
stellate ( Kupffer *} cells 214.380 
stem cells 376.377 
see aJso hemocytoblasts 
sténos», heart valves 16 
sternocleidomastoid muscle 174, 
175. 348. 349 

stemotleidomastoid vein 68 
sternocostal surface of the heart 
10. Il 

stemopencardial ligaments 30 
sternum 178. 179. 182. 183 
médiastinal shadow 34 
pencardium and 30.31 


position of 32.33. 36. 37 
thymus and 386. 387 
steroid hormones 328 
adrenal 344 
placental 360.361 
stomach 190-195 
anatomy 190-193 
bodyof 184. 185. 190.191 
cardia 184.185. 190.191 
digrstive System 142.143 
endocrine cells 364.367-369 
fundus 184. 185. 190-193 
greater/lcsscr curvatures 184. 
185. 190. 191 

lymphatic drainage 194,195 
microscopie anatomy 192.193 
mucosa 190-193 
neurovascular supply 194.195 
pylône part 184. 185. 190-193 
sectional anatomy 224-227 
topography 184, 185. 222.223, 
392,393 

wall 184. 185. 190. 191 
straight artérioles, ol kidneys 234. 
235 

straight sinus 68.70. 71 
straight venues, of kidneys 234, 
235 

striaedistensae 404 
st roke volume 42 
styloglossus muscle 150.151. 154. 
155. 172,173 
in swallowmg 170 
stylohyoïd muscle 152.153 
styloid proccss 150. 174.175 
stylopharyngeal muscle 168.169 
subclavian arterie* 52. 53. 54 
branches 52.53 
cross section 132,133 
left 10-13, 178. 179 
from brachiocephahc trunk 
44.45 

lung impressions 122,123 
mcdiastmum and 138. 139 
nght 10-13 

from brachiocephahc trunk 
44.45 

subclavian paraganglion 346 
subclavian trunks 78. 79 
subclavian vein 66-69 
cross section 132.133 
tnbutaries 72. 73 
subcostal artery 44 
subcostal nerve 238 .239 
subcutancous tissue 406.408. 

409 

subeutaneous vems G6 
subcutis see subeutaneous tissue 
subendocardtal branches/plexus 
26.27 

subendothclial layer 86-91 


subepicardial adipose tissue 
36-39, 132. 133 
subfascial vems 66 
sublingual anery 46.47 
sublingual carunde 152-155.174. 
175 

sublingual duct 154.155 
sublingual fold 152.153. 154.155 
sublingual gland 152,154-157. 
174. 175 

sublingual vem 174,175 
submandibular duct 154,155 
opening 174.175 
submandibular ganglion 174.175 
submandibular gland 150-152, 
154-157, 172 .173 
submandibular lymph nodes 80. 
81. 100.144 

submental artery 46.47 
submental lymph nodes 80.81. 
144 

submucosa 

digestive tract 142,143 
esophageal wall 176.177 
gastnc 190.191 
large intestine 204 
small intestine 198 .199 
submucous plexus 142,180.192. 
198 

subperitoneal space t82,183.230 
subphren ic lymph nod« 180 
subpleural connective tissue 124 
subscapular artery 54. 55 
subscapular lymph rnxfc's 80.81 
subscapular vein 72 
subserosa. gastnc 190.191 
substance P 329. 369 
sucklingrcflcx418 
sulcus termmalis cordis 12.13 
superior constrictor muscle 150. 
151 

superior vena cava 6. 7. 10. 11. 14, 
15. 18. 19.66.67 
cross section 36.37.132.133 
mcdiastinumand 136.137 
opening 26.27 

portai -caval anastomoses 216, 
217 

radiographie view 34. 35 
sinus of 14.15 
topography 30-32 
tributanes 68.69, 180. 181 
suppressor T lymphocytes 382. 
398 

supracolic abdominal cavity 184. 
185 

suprahyoïd muscles 152 
supranudear cytoplasm 326 
supraoptic nucléus 336. 337 
supraoptic recess 330.331 
suprapleural membrane 130 
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suprarénal artcrirs 44, 45. 342, 
343 

suprarénal glands see adrenal 
glands 

suprarénal impression, ofliver 
212.213 

suprarénal nerve plexus 342 
suprarénal veins 66. 67, 238. 342 
supraseapular artery 52 .53 
suprascapular vein 68 
supratrochlear lymph nodes 80. 
SI 

supraventruularcrest 14 .15 
sural artenes 62.63 
jurai veins 76 
surfactant.alveolar 126 
suspensory ligaments 
of clitoris 284.285 
Cooper's ligaments of breast 
416.418.4/9 
of ovaries 280 
of pénis 260 

suspensory muscle of the 
duodénum 1%. 197 
swallowing 120, 170 ,171 
sweat glands 324, 404 
apocnne 404.406.407, 410. 411. 
416 

eccnne 404,410. 411 ,416 
merocnne 406 411 
sympathetic innervation 
esophagus 180 .181 
gastric motility and 194 
heart 28.29 
small intestine 200 
sympathctic trunk 
cross section 132 ,133 
thymie branches 386 
topography 136,137, 178, 179. 
230.23/ 

syncytiotrophoblasts298. 302. 

303, 360. 36/ 
systemie circulation 6. 7 
systole 42,43 
heart sound 34 
heart valves »n 22.23 
vessel walls in 88.89 


T 

T-cell receptors 382 
T11/TI2 transverse section 224. 
225 

T*tubu1es, cardiac muscle cells 20. 
21 

tarsal artcrics 62,63 
taste buds 148 

tectal plate, superwr colliculi 340. 
34/ 

teeth 158-167 


arterial supply 48 
d CCI duo us/ permanent 162, /63 
development 
dental sac 164 
éruption 164. /65 
toothgerm 162. 164. 165 
diphyodont dentition 158 
microscopie anatomy 160 .161 
in occlusion 166 
parts of 158. /S9. 160 .161 
positions of 166 .167 
segments/surfaces 158, 1S9 
topography 142-145 
teeth numbering 158 
telencephalon. artery to 50 
température régulation, sper* 
matogenesis 254 
temporal artenes 46-49 
temporal bor* 106 ,107 172. /73 
temporal veins 68.69 
temporomandibular joint 172. /73 
tendon of penneum 306. 307 
temaecoli 186 .187 202.203. 206 
tension lines, skin 404,405 
tensorveli palatmi 146 .147 
tentonum cercbelli 70. 71 
terminal bronchioles 126 .127 
terminal sukus.of longue 148. 

149 

testes 248.249,250-255 
Leydig cells 252. 324,325. 356. 
357 

lobules of 252,2S3 
lymphatic drainage 254 
neurovascular supply 254 
testicular artery 44.45. 240, 241. 
254.256 

testicular endocrine fonctions 
356. 357 

testicular vein 66.67, 240, 241. 
254.256 

testosterone 356,357 
tetragasinn(TC) 369 
theca folliculi 358 
theca interna/externa 272,273. 
358 

theca lutem cells 272. 324, 358 
thermorégulation 402,410 
thtghs 

artcrics 60 .61 
veins 76, 77 

third ventncle, pmeal gland 340, 
341 

thoracic aperture 32.33 
thoracic artenes 30, 52-55, 130, 
386 

thoracic breathing 134. /35 
thoracic cage 32.33. 134. /35 
thoracic cardiac innervation 28. 

2.9 

thoracic cavity 2,3 


thoracic duct 6. 7 66. 67. 178. 179 
cross section 38. 39. 132 .133 
mediastinum and 136-139 
tri buta ries 78. 79 
thoracic esophagus 176-181 
thoracic ganglia 28.29 
thoracic skeleton 36.37 
thoracic sympathetic trunk 180 
thoracic veins 68.69. 72 
thoracic wall 
antenor 32-34 
artenes of 130 
bony framework 134. /35 
pariétal pleura and 130 
postenor 136 .137 
veins of 130 

thoracoacromial artery 54,55 
thoracoacromial vein 72 
thoracodorsal artery 54.55 
thoracodorsal vein 72 
thoracoepigastric veins 72.76. 77, 
216 
thorax 

breasts and 416,4/7 
heart position 10, Il 
lymph nodes 80-83. 136. 137 
mediastinum 136, /37 
newbom 318.3/9 
pressure changes 134. /3S 
radiographicanatomy 34. 35 
topography 36-39.178, 179 
thrombocytes 372*375 
thrombocytopenia 372 
thrombokinase 372 
thymie triangle 386.387 
thymus 386*389 
fu net ion 382.384. 388 
prénatal 376 
involution 388 
mediastinum and 136 
thyroarytenoid muscle 112 .113 
thyrocervical trunk 52.53 
thyroepiglottic ligament MO. /// 
thyroglobulin 350 
thyrohyoïd ligament 110 .111 
thyrohyoïd membrane 110. ///, 
120 .121 

thyrohyoïd muscle 108.170 .171 
thyroid artenes 348. 349 
branches 118.170. 352.353 
inferior 116. 118.178 180 
superior 46.47. 116 
thyroid cartilage 108 112.120, 
121. 174. 175 
laminae 108. 109 
thyroid gland and 348, 349 
thyroid follicles 350. 351 
thyroid gland 324, 32S, 34S-35I 
cross section 132 .133 
disorders 350 
lobes 178. 179, 348. 349 
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thyroid 

sectional anatomy 174, 175 
tracheaand 120. 121 
thyroid hormones 350 
thyroid notches lOfl- lit 
thyroid plexus 68. 69 
periartenal 352 
thyroid veins 348. 349. 352 
mfenor 68. 69, 180. 181 
superior 68. 69 
thyroliberm 329. 336.338 
thyrotropm (TSH) 332.339. 350 
thyroxine (T«) 350 
tibial artcries 62-64,64.65 
tibial veins 76. 76 
Tomes fibers 160. 164 .165 
longue 148-153 
antenor pan 148. 149 
anerial supply 46.47 
base of 106, 107. t68 .169 
glands on 154 
inferior surface 152, 153 
Ingestion system 142-145 
innervation 148. 152 
lingual tonsil 396. 397 
margin of 148. 149 
muscles 150, 151, 172-175 
neurovascular supply 150 .151 
postenor pan 148 .149 
»n swallowing 170 .171 
tipof 148. 149 
tooth positions 166 .167 
tonsillar fossa 168.169. 174 .175 
tonsillar pits 396, 397 
tonsils 384. 396.397 
lingual 148. J49 
palatine 144-149 
torus levatorius 106. 107. 168 .169 
torus tubarius 146, 168 .169 
trabeculae 
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